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139 


N 
Of the Science of Philoſophy in gene- 
ral; of Natural Philoſophy in par- 
ticular ; #s Parts and Subjects, and 
various Uſes in Life. ; 


A. HAT is the genuine Meaning of 
W the Word Philoſophy 2 
B. By Philoſophy, you are to 
_ underſtand the Science or Knowledge of the 
Nature, Cauſes, Properties, and Effects of all 
created Beings, ſo far as they are capable 
of being known by Reafon, diſcovered by Art, 
or any Ways adapted to the human Compre- 
henſion *. | 


The Word PariLosoyay among the Antients was uſed in 
a various Senſe; for, (1.) It ſometimes was taken for Lai. 
verſal Knowledee, viz. of all Things, Human and Divine. 


wit, 
12> 
* 


(2.) In a ſtricter Notion, for the Contemplation of Nature gnly ;.. : | | 


and in this Senſe a Philoſopher was called by Plato, . ras 
pe, A Friend or Lower of Nature. (z.) Sometimes for 
Ethics, or the Doctrine of Manners ; which we call Moral Phi- 
loſophy. (4.) It alſo included the Mathematical Arts and Diſ- 
cipline, eſpecially Arithmetic and Geometry. (5.) The Science 
T2 lus S-, of Exiſtence or Being in the Abſtract, called Me- 
taphyfics. (G.) For the Knowledge 72 newre xans, of the Prime 
or Chief Good, 7. e. Goa; and this was their prima Philoſophia, 
or Theology. (7.) It was ſometimes applied to Logic, 'or Dia- 
lectics, which gave Rules for Reaſoning about the Nature of 
Things. But on the Whole, their Knowledge of God, Na- 
ture, and Arts, was fo very imperfect and ſcanty, that Philoſo- 
phy ſeems but dawning in the Works of its greateſt Profeſſors 
among them. 9 . 


5 A 2 A. Pleaſe 
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A. Pleaſe to be a little more particular in 
our Definitions, or I cannot ſo eaſily (as 1 
would) apprehend you : What do you mean 
by the Nature of Things? 
B. By the Nature of any Being, or Thing, 
is meant that peculiar State, or Condition, 
whereby it is differenced in its Kind from all 
other Beings whatſoever : Thus tis the Na- 
ture of God to be perfect; of Man to be ſo- 
ciable; of Fire to be hot; of Ice to be cold, 
Sc. 
A. In like Manner explain hai you mean 
by the Cauſes of Things, that I may the better 
apprehend you on theſe 6 hr Sub- 
jects. 
B. By W Caufes are to be underſtood 
the Means by which Things come at firſt to 
have their Being or Exiſtence : Thus God is 
the Cauſe of all created Beings, . becauſe from 
him they firſt received their Being; and hence 
God is called by way of Preheminence the fiſt 
and primary Caufe of all Things. 
| A. I have heard, and alſo read of ſecondary 
| Cauſes; pray, what i is the Reaſon of this Diſ- 
| 2 77 
. I'll endeavour to inform you: Seconda- 
Cruſe ies are thoſe which produce their Ef- 
fa Qs according to the Direction and Influence 
of ſome eſtabliſhed and original Laws and 
Rules, implanted in their Natures at their firſt 
Creation by God, the primary Cauſe; of all 
other Cauſes he is the original Cauſe ; and 
| conſequently we 2 Regard to the firſt 
EY BE 78 Cauſe, 


* 


Of Philoſophy in General. 3 

Gauſe, can be only properly: termed ſecondary 
Cauſes : So the Sun cauſeth Vapours ; and 
Vapours cauſe Clouds; and Clouds condenſed 
cauſe Rain; Rain cauſeth Springs, Rivers, Ve- 
getation, Sc. But yet they all act in a ſecon- 
dary Manner, under the original Influence of 
the firſt Cauſe, as aforeſaid *. 5 

Al. Pleaſe next to define what you call the 
Properties of Bodies, 

B. By Bodies, I ſuppoſe, you mean the ſe⸗ 
veral Kinds of Beings in general, as they ap- 
pear to our Sight; and, in this common Senſe 

of the Word, the Properties of Things are 
thoſe Qualities and Operations peculiar to them- 
ſelves, and which diſtinguiſh them from all 
other Kinds of Beings : Thus it is the Pro- 
perty of Man to laugh, and reaſon ; of Glaſs, 
to be tranſparent; of Air and Wind, to be in- 
viſible ; of Space, to be infinite z of God, to do 
Good, 'Sc. | 

A. The Knowledge of Effects you mention- 
ed as a Part of Philoſophy ; what am I to un- 
derſtand thereby? 

B. This: That an Effect is whatever is 
produced or brought to paſs by the Action or 
Operation of any natural Cauſe: Thus Va- 
pours are the Effect of the Sun's Attraction; 


 kee is the Effect of a cold Air ; Viſibility the 


* The Doctrine of Secondary and Final Caujes, is of the laſt 
Importance in true Philoſophy ; ſince the former are the Mean 
by which, and the latter, the Ends for which all Things receive 
_ Being from the Primary Efficient Cauſe, whi ch is God 

One. 


A 3 Effect 
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Effect of Light; and Purging and Vomiting - 
the Effects of divers Herbs and Medicines, 

A. Having given this general Account of Phi- 
loſophy, I ſhould be glad if you'd oblige me 
with a more particular one ; pray, how many 
Sorts of Philoſophy are there ? 

B. Philoſophy is divided generally into mo- 
ral, and natural. 
A. What do you call moral Philoſophy : ? 
B. This is properly called Ethics, from the 
Greek Word 949o;, and Morality from the La- 
tin Word Mos, plural Mores, both fignifying 


Manners or Behaviour. 

A. Pray, what is the Buſineſs of moral Phi- 
loſophy ? 

B. To give Rules and Laws for the Beha- 
viour, Manners, and Conduct of Man, as Man, 
or as a rational Creature. 

A. Pleaſe to tell me the End or Deſign 
thereof. 

B. The great End and Deſign of Morality 
x to make Mankind acquainted with the Means 
and Methods of being happy, or to obtain the 
greateſt Felicity in this Lite, 

A. What do yu properly call natural Phi- 
toſophy ? 

B. This hath two proper Appellations, one 
is Poyfics, from the Greek uo, Nature, or 
@uony, Natural; and ſo it imports to us the 
Science or Knowledge of Nature, or natural 
Bodies. 

A. But you fay i it hath another Name; what 


s that! > 
* 


„ . 
1 . | SW Os * 


The Differ. of moral and natural Philoſophy. 5 
. aeg, ſo called of Sig, Nature, 
and Aoyoc, a Diſcourſe ; and by this is implied 
a Diſcourſe of Nature, and natural Bodies ; and 
ſuch is the enſuing Book . 

A. Since the Word Philoſophy, then, is ge- 
neral ; what is implied by it? "ak 
B. The Word Philoſophy is compounded of 
the two Greek Words S, Love, and ooÞin, 
Wijdom, or Knowledge ; and thus it implies the 
Love of Wiſdom, or the Study of Knowledge 
or Learning in general, as aforeſaid +. 
2 How came the Word Pbiloſopby firſt in 

e? OS | 

B. Pythagoras, a learned Greek Philoſopher 
of Samos, from his great Modeſty, eſteemed the 
Appellation roP©., a w/e Man, too arrogant 
(though the general Character of a learned Man 
before his Time) and therefore he was content 
to call himſelf Si, a Lover, coPins, of Wiſ- 
dam: And ſince him the Science has been called 
Philoſophy, i. e. Love of Mi ſdom; and thoſe 
who ſtudy it, Philoſophers. | 3 


The Greek Word 9%; and the Latin Natura (whence the 
Engliſh Word Nature) are both derived from Verbs, wiz. pia 
and aaſcor, which fignify to make; produce, beget, or give Being 
to any Thing. Thus Nature, properly ſpeaking, is the General 
Birth of all Things. | | 
+ The Word Philoophy, though literally Greek, yet is of an 
Hebrew Derivation ; for @:Mia ſeems to be from dp, to /epa- - 
rate, ſet apart, ſelect; which is the Act of Lowe in a moſt emi- 
nent Degree: And Ga is evidently from px, to obſerve, ex- 
plore, wiew, and contemplate Things; which is the proper Buſineſs 
of a Naturaliſt. And thus from D came the Greek ce, 
or Contemplative Wiſe Men. Yet notwithſtanding this, ſuch 
poor Philoſophers were the Hebrews, that their Language affords 
not one Word for Nature or Phileſephy. | 
N | KS A, Very 
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Al. Very good; but ſay, what is the proper | 
Subject of natural Philoſophy ? | 

B. Subſtance or Matter, under all the va- 

rious Forms and Figures we behold it, which 

we call natural Bodies, with all their Proper- 

ties and Affections. 

A. What is the Deſign of natural Philo- 
ſophy ? | 
B. To improve human Knowledge, to 
make us better acquainted with Nature, to 
give us a rational Senſe of Things, by diſco- 
vering the Reaſon of the various and different 
Affections, Qualities, and Effects of Objects, 
which offer themſelyes to our Senſes, ſo far 
as is poſſible. 

A. What are the more principal Uſes of 
Philoſophy in the Affairs of human Life? | 

B. They are almoſt innumerable ; for here- 
by Men are diſtinguiſhed from Brutes, who 
indeed behold the various Phaſes of Nature, 
but can tell the Reaſon or Cauſe of none. 
By this Art, the Phy/ician acquires the Know- 
ledge of the Virtue and Effects of Plants and 
Herbs; the Chymi/t hereby, obtains the Me- 
thod of analyzing and diflolving Metals, Mi- 
nerals, Plants, animal Subſtances, &c. and re- 
ducing them to their firſt Elements the 
Apothecary hence, underſtands the Reaſon of 
the various Compoſitions of Simples for the 
making his Medicines; and the Aftronomer 
hence, learns the Frame and Conſtitution of 
the Heavens, and the Magnitude, Diſtance, 
and Phaſes of 8 the heavenly Bodies ; the 

Huſband- 


The Parts and Subdiuifions of Phyſiology. 9 
Huſbandman alſo, may know from the Rules 
of this Science, the moſt advantageous Me- 
thods of cultivating and manuring his Land: 
the Nauigator from hence, borrows the The- 

ory of his Art. And, in ſhort, there is no 
State, Art, or Capacity, in Life, which does 
not directiy, or indirectly, receive Advantage 
and Benefit therefrom. 


= HAP. II. 
Of the Parts and Subdivif ons 2 


PHYSIOLOGY. 


A. OW many are the parts of this 3 
ence of natural Philoſophy ? | 
B. It may properly be divided into four ge- 
neral Parts. 
A. Which are they? 
B. Theſe IT vi⁊. 


J. e which wesen of the com- 

mon Nature, Properties, and Qualities 
of Matter, and its various Combinations 
in natural Bodies. 

II. Coſmology, or Uranology, which treats of 
the Nature, Conſtitution, and component 
Parts of the Univerſe in general, and 

.._ ticularly of our ſolar Syſtem. 

III. Aerology, which: treats of the Nature 
of the Atmoſphere, or Region of Air, 

and 
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and all the Fame thereto belong 
ing ®. 
IV. Geology, which treats of the Nature, 
Make, Parts, and Productions of the Globe 

of Earth on which we live, 


A. I ſuppoſe each of thoſe general Parts re- 
ceive a Subdiviſion, do they not ? | 

B. Yes, into ſeveral other Branches. 

A. What are the Subdiviſions of the firſt 
general Part, Somatology ? 

B. Somatology, as it conſiders the common 
and ſpecial Properties of natural Bodies, is di- 
vided with Reſpect to them in the Manner 1 
ſhall by and by name to you, when we diſ- 
courſe of that Part, 

A. What are the particular Branches of the 
fecond general Part ? 

B. Coſmology, or more properly Uranology, 
comprehends the following Branches, viz. 


1. Heliography, which treats of the Sun. 

2. Selenography, which treats of the Moon. 

3. Planetography, which treats of the Pla- 
nets. 

4. Cometography, which treats of the Comets. 

5. Aftrography, which treats of the fix'd 


Stars. 


The Word Phænomenon being of moſt frequent Uſe, 'tis 
proper the Reader ſhould” be acquainted that it is derived from 
the Greek Verb ahne, to appear; whence Phenomenon ſignifies 
an Appearance, and Plurally, Phenomena, the Appearances of 


Things. 
A. How 


The Parts and Subdiviſions of Phyſiology, 11 
A, How is the third Part ſubdivided ? 
B. Aerology, I divide as follows, viz. into, 


1. Aerography, which treats of the Atmo- 
ſphere, or Body of Air. 
2. Anemography, which treats of the Winds. 
3. Meteorography, which treats of the Meteors. 
4. Phantaſmatography, which treats of the 
celeſtial Appearances,” or ſuch Phenomena, as 
exiſt only in Viſion, and not corporally. 


A. How do you ſubdivide the laſt general 
Part? 

B. Geology, is moſt naturally divided into 
the following ſubordinate Branches, vis. 


I. Geography, which treats of the Earth, or 
Land, 

2. Hydrography, which treats of Water. 

3. Phytography, which treats of Plants and 
* 
3 oography, which treats of Animals of 
all Kinds, | 

And thus you have a conciſe View of the 
ſeveral Parts or Subjects of our enſuing Cot- 


loquies. 


A. Sir, Nothing will ſo much delight me, 

as Reflections on ſuch Topics as theſe ; I al- 

ways love to hear People talk of the Wonders 

of Nature, and being now directly engaged in 

a Converſation of that kind, my Deſires are 

excited almoſt beyond Expreſſion, Ee. _ 
| B. 1 
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B. I'll do my Endeavour to fatisfy you if 
poſſible, and am very glad to find you hunger 
and thirſt after uſeful Knowledge; while others 
vainly ſpend their precious and irrevocable Time 
in idle and profane Amuſements, you have the 
Happineſs of ſuperior Senſe to dictate to you 
the more noble, manlike, and virtuous Me- 
thods of improving your Time; which will 
yield you not only abundance of Delight, and 
rational Pleaſure, but at the ſame Time make 
you Wiſe and Happy: To this End, I ſhall 
communicate to you whatever I have found in 
the Writings of the great Sages and Virtuoſoes 
of the laſt and preſent improving and inquiſi- 
tive Age, and will endeavour to make all 
Things plain and eaſy, as I go along, by fa- 
miliar Inſtances, and plain demonſtrative Fi- 
gures and Schemes. 


OA P. III. 


Of Axlous relating to Puvs1cs : of 
the RuLirs of P5:1L0SOPHIZING. 


A. RE there not ſome ne Prin- 
ciples, or Axioms, on which this Sci- 
ence depends ? 
B. Yes, moſt certainly; the chiefeſt of which 
I ſhall here lay down. | 
A. What do you make the firſt Axiom? 
B. Axiom I. Nothi "g hath no Properties. 
A, Pleaſe 


Axioms and Rules of Philoſophizing. 13 
A. Pleaſe to exemplify this Axiom. 
B. I will; but firſt underſtand, that by No- 
thing, is meant a State of Non-Exiftence, or 
Not-Being; and therefore to ſay Nothing is hot, 
is cold, hath Parts, 1s great or ſmall, Sc. would 
be abſurd. 
A. What is the ſecond Axiom 2 
B. Axiom II. Somewhat doth exiſt,  — 
A, That's ſomewhat merry, Sir; I believe 
No-body will * that to be an Axiom, in- 
deed. 
B. You may think of it as you pleaſe, but 
I aſſure you, I have met with thoſe who have 
had recourſe to Logic, to prove their own Ex- 
iſtence 
- Pray y, let me know your third Axiom. 
B. Axiom III. There is no Medium between 
S ometbing and Nothing, Ext Mere and Non- 
Exiſtence. 
A, This is moſt certainly true, and to ſup- 
; — the contrary were abſurd ; pray, let me 
know your fourth Axiom. | 
B. Axiom IV. That which doth exift, and 
is independent on any other created Being for 
its Exiſtence, is properly the Eſſence or Subſtance 
of the Thing exiſting. The Truth of this, 
though extremely evident to thoſe, who have 
been uſed to a philoſophical Way of Thinking, 


+ Witneſs the trite Enthymem of the Schools, E 70 cagite, ergo 
ſam, i. e. I think, therefore J am, or do exiſt, The Sceptics, 
'tis well known, were abſurd enough to deny the Certainty of 
any Thing, and, conſequently, of their own Exiſtence, 


will, 
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will, perhaps, appear more clear to you farther 
on. | | 

A. Let me hear your next Axiom? 

B. Axiom V. No Subſtance, or Efſence, can 
be produced out of Nothing ; or tis impoſſible 
Nothing ſhould be made Something f. 

A. This indeed is very true; for if Nothing 
could be made Something, it would then have 
ſome Property, which is contrary to your firſt 
Axiom; and conſequently abſurd. I pray, your 
fixth Axiom ? - 121 

B. Axiom VI. No Matter, Subſtance, or E/- 
ſence of any Thing, is capable f being reduced 
to mere Nothing, or annibilated. | 

A. True likewiſe ; for if Something could 
be converted into Nothing, then. would No- 
thing have a Property, contrary to Axiom I. 
Alfo, as *tis impoſſible for a Thing to be, and 
not to be, in the ſame Moment ; therefore be- 
tween the Time of its Being, and Not-being, 
there muſt be ſome intermediate State of Ex- 
iſtence, contrary to Axiom III. Pleaſe to re- 
late your next Axiom. | | 

B. Axiom VII. Every Effet hath ſome Cauſe, 
pre-exiſtent to itſelf. 

A. That I, and every Body elſe, muſt believe, 
or beabſurd *. Pray deliver your next Axiom. 

. B. Axiom 


+ This is the famous Axiom of the Philoſophers, Ex nihilo 
nihil gignitur ; and is ſo evident a Truth (as well as the follow- 
ing Axiom,) that I wonder how any Perſon can think it unfit to 
be believed, or inſerted here, which is a proper Place for it ; 
ſince I cannot ſee that it contains any Thing anreaſonable or ir- 
religious, if it be granted that God cannot perform Impoſſibilities. 

For to fay, that any one Thing is the Cauſe of itſelf, to 

* 


\ 


Axioms and Rules of Philoſopbizing, 15 
B. Axiom VIII. If we ourſelves are not the 
Cauſe of any Effect, then that Effect muſt de- 
pend on, and refult from, ſome other Cauſe. 
A. This is a plain Conſequence of the fore- 
going; your next Axiom, if you pleaſe. 
3B. Axiom IX. All Things, as far in them is, 
continue in the ſame State in which they began 
their Being, X 5 
A. I believe I take you right, you mean what 
was at firſt made Strait, Crooked, Square, 
Round, &c. would of themſclves always per- 
ſevere in that State, and of their own Accord 
would never aſſume any other Figure, 
B. Very good ; that is the full Meaning of 
the Axiom, | 
A. Pray let me hear your next? 
B. Axiom X. Every Change is produced from 
ſome external Cauſe. | 
A. - Moſt certainly; for ſuppoſe J ſee a 
Flower in full Bloom he withered on the 
Ground, I preſently conclude ſome external 
Cauſe hath made that Change in the Flow- 
er; which elſe would have continued vivid and 
freſh. 138 | 
B. That's the Caſe ; I have one Axiom more 
to propoſe, and that is, | TT 
Axiom XI. That every Change made in any 
Body, is always proportionable to the Powers of 
the Cauſe producing it. Thus the Motion of a 
Body is always in Proportion to the Greatneſs 


ſay that it exited before it did exift, which is abſurd: 3 or elſe 
that its Exiſtence was necęſſary, which can only be ſaid of the 


Peity. 
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of the Power, or Stroke, that put it fir rt inio 


Motion. 
A. And are there no Scher Maxims of this 


Science, that are neceſſary to be diſcourſed of 
before we go farther? 

B. No: Thoſe already related are ſufficient 
for this Place ; but as this Science depends 
on certain Principles, ſo it is likewiſe to be con- 
ducted by certain ſtated Ryes. 

A. I doubt not but this Part of b | 
which (according to the Notion J have of it) 
is very abſtruſe and difficult in many Parts, 
muſt require proper Rules and Precepis for a 
due Improvement, as well as moſt other Arts. 
Pray, Sir, then, What and how _— are the 
Rules of Philoſophizing 7 Ss 

B. They are in — * a are as 


follow, viz. 


Rule 1. We muſt take Care to admit no 
more Cauſes of natural Things than what 

are true, and ſufficient to explain their Pha- 
nomena. 

Rule II. We muſt obſerve always to aſſign 
the ſame Cauſes for the ſame natural Effects. 
Rule III. Thoſe Qualities which cannot be 

increaſed, or diminiſhed, and agree to all Bo- 
dies in which Experiments can be made, muſt 
be nase the Properties of all Bodies i in ge- 
neral. 

Rule IV. Propoſitions and Concluſions, 
deduced from actual Experiments, muſt be 
eſteemed true and accurate, notwithſtanding 


any 


Axioms and Rules of Philoſo opbizing. 17 
any Hypotheſes, or received Suppoſitions, to the 


contrary; and muſt be inſiſted. on ill ſome h 
other Phenomena, either render them more ac- 


curate, or liable to Exception, 


A. What is the Reaſon of the firſt Ryle? 

B. It is founded on this Principle: Nature 
doth nothing in vain; but it is in vain to do 
that by many Means which may be done by 
fewer: Now Nature is ſimple, and never luxu- 
riates in ſuperfluous Cauſes of Things, There- 
fore, NM. 
A. Thars exceeding good, indeed. Pray il- 

luſtrate the ſecond Rule. 

B. By the ſecond Rule, we are to aflign 
the ſame Cauſes of Reſpiration in Beaſts, as 
in Men; of Heat in Water, as in Fire; of 
Light in Fire, as in the Sun; and of the Re- 
flection of Light in the Planets, as in the 
Earth, Sc. 

A. Pray give the Reaſons of the third Rule. 

B. The Qualities and Properties are not 
| known to us but by Experiments; and there- 
fore whatever we find to anſwer by all Experi- 
ments we can try, muſt be allowed a univerſal - 
Property of all Bodies ; of thoſe on whom we 
cannot, as well as of thoſe on whom we can, 
make Experiments : Nature being always con- 
ſentaneous and analogous to itſelf. 

A. Indeed the Reaſon of the laſt Rule is 
* ſo obvious, that; I think, none can doubt 
it; no Perſon being ſo perverſe and pre- 
poſterous, as to affirm there is more Rec.fon 
| B in 
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in a bare Hypotheſis, than in Facts of Expert- 
ment . | 

B. Yet, tis ſtrange, you'll fay, that, by this 
very Rule, the Syſtem of the Carteſian Philo- 
fophy muft fall; that Burnet's Theory of the 
World and Deluge, muſt he valued at no 
greater Eſtimation than an ingenious Romance : 
And thus muſt Mr. #6;/oz's, and all other 
World-mongers Syſtems and Theories, diſſolve 
into a philoſophical Nothing, which want ac- 
tual and repeated Experiments to ſupport 


them *. 


+ Theſe Rules, with the Reaſons of them, are taken from 

Sir Jſaac Newton's Principia. 2 179 
*. Monfieur des Cartes, the great Maſter and Deliverer of 

the Philoſophers from the Tyranny of Ari/orle, is to be blamed 
for all this, for he has encouraged ſo very much the preſump- 
tuous Pride of Philoſophers, that they think they underſtand all 
the Works of Nature, and are able to give a good Account of 
them ; whereas neither He, nor any of his Followers have given 
us a right Explication of any one Thing. His great Fault 
was, that he made no Uſe at all of Geometry in Philoſophy. 
Keill's Introduction to his Examination of Dr. Burnet's Theory 
J nuns WER 
Concerning Dr. Burnet's Theory, the ſame learned Gentleman 
obſerves, that—— His Rhetorical Exprefſions may eaſily capti- 
vate an incautious Reader, and make him ſwallow down for 
Truth, what I am. apt to think the Author——deſign'd' only 
for a Philoſophical Romance. My Defign therefore is to 
chuſe out ſome of the principal Heads of the Theory, and hav- 
ing ſhewn them to be 2//e and di/agrerable to the Laws of Me- 
ehariſm, the reſt muſt all fall to the Ground of courſe. Bid. 
Page 26, 27. E 4 : { n * . 

As for Mr. V hiſton's Theory, he ſays J believe it will be 
evident by the ng Conſiderations, that a Comet could ne- 
ver have produced thoſe various Effects which Mr. Vi ſtonm has 
attributed to it; and it will alſo farther appear that the Deluge 
was the immediate Work of the Divine Power, and that no ſe- 
condary Cauſes, without the Interpoſition of Omnipotence, could 
have brought ſuch an Effect to pals, Remarks on Mr. Mi ſton's 
1geory , the Earth, © 55 7 


or *% 1 * + 


Of Hypotheſes, Experiments, Ke. 1 9 


CHAP. IV. 


of 5 of Een ene * da- 


rious Inſtruments for that Fug 
and their Uſes. ; 


4 A RE any Kinds of Hypotheſes. to be 


admitted in reaſoning ; about natural 
Subjects ? 

B. The Philoſophers of the me Age 
hold them in vile Eſteem, and will hardly ad- 
mit the Name in their Writin 8; they think 
that which depends on bare FI oth and 


Conjecture, unworthy the Name of Philoſo- 


phy ; - and therefore have framed new and 
more effectual Methods for philoſophical En- 


quiries, | 


A. And muſt therefore a Philoſopher in no 
wiſe have recourſe to Suppoſitions ? May he 


not be admitted to ſay, he ſuppoſeth a Thing 
may be ſo or ſo? Or muſt he immediately aſ- 


ſign an experimented Cauſe, or elſe directly 


confeſs his Ignorance? What are your Thoughts 5 


in this Matter ? 
B. Why I muſt confeſs, to diſcard all Hy- 


theſes from Phyfics, is to reduce it within 
very narrow Limits; and in Truth, I think, 
it is falling from one Extreme to another; z I 
am perſuaded that Hy 8 duly qualified, 


if not abſolutely nece ary, yet may be very 
ſubſervient 
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ſubſervient to natural Philoſophy ; and I know 
not what Kind of Philoſophers we ſhall have 
in ſucceeding Ages, if they will receive no Syſ- 
tem of Philoſophy, but what is wholly founded 
on mathematical Experiments and Demonſtra- 
tions . 
A. What Kind of Hypotheſes, and how 
qualified, do you allow may be uſed in Philo- 


5 8 
þ B. They muſt have moſt or all the follow- 
ing Qualifications, 


I. They muſt be agreeable to juſt Reaſon- 
ing. 
| They muſt be neceſſary for Want of Ex- 
perience. 
3. They muſt be conſentaneous to Experi- 
ENCE, 

4. They muſt be fufliciint to ſatisfy the 
Phenomena. 

5. They muſt be naturally adapted to the 


| Caſe. 


6. They muſt be poſſible on every Account, 

7. hey muſt be probable in their own Na- 
ture. 

8. They muſt be free from all Suſpicion of 
Prejudice, Affection, or nn in their 
Author. f 


+ When the Reaſon or Cauſe of Things does not appear, tis 
much more ingenious to acknowledge our Ignorance, than to 
advance abſurd and extravagant Hypotheſes, or, which is much 
worſe, to have recourſe to occult (or hidden) Cauſes and Quali- 
ries, the infamous — of a vain and ignorant Race of Philo- 


ſophers. 4 I 


Of Hypotheſes, Experiments, &c. 2t 

A. 1 believe, Sir, few will deny you the 
Uſe of Hypotheſes thus circumſtanced and 
qualified: But pray, what Kinds of Demon- 
ſtrations are thoſe by Experiments, which you 
intimate they rely ſo much upon? 

B. The very beſt of all Nature can produce; 
they far exceed the keeneſt Glance of the Eye 
of Reaſon, and nothing but divine Revelation 
can inform us more truly of the 1 intimate Na- 
tures of Things. | 

A. Very wonderful indeed! Happy the Age 
in which this Art received Improvements from 
ſuch extraordinary Inventions. Pray, who 
were the firſt Authors of improving Philoſophy 
by Experiments? 

B. Their Names are recorded in the Book 
of Fame; have you not ſeen therein the gla- 
ring Characters of Bacon, Boyle, Sir Tjaac 
Newton, Woodward, Dr. Halley, Ray, Derbam, 


and Brea other 1 Virtuoſos? Some 7 5 


which are now living; and others ſubſiſt in 
marble Monuments to gratify the Curioſity of, 
and be admired by all Poſterity. ; 

A. Ves, I have heard of thoſe great Names 
you mentioned, but not being very converſant 
in the learned World, know but little about 
them; yet, take an exceſſive Pleaſufe in hear- 
ing Relations of them, and the wonderful | 
Things they have diſcover d. 

B. I am glad to find in you ſuch a Diſpo- 
ſition, and queſtion not but you will be highly 
ratified with the Series and Sequel of our 


Diſcourſe, 5 


Z , \ 
8 * — 
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A. I believe I ſhall ; but to the Point: In 


what Manner, I pray you, are thoſe Experi- 


ments perform'd ? for, as you have ſeen the 
Manner thereof, you can well inform me. 

B. They who have reduced experimental f 
Philoſophy to Method, and make it their Bu- 
ſineſs to teach it others, prepare a large Abs. 
paratus of Inſtruments of all Kinds, to the 
Value of five or ſix hundred Pounds ; and at. 
ſtated Times, in a very large Room, there is 
an Operator appointed to perform a Courſe of 
Experiments.therewith, in all the various Parts. 


of natural Philoſophy, in. the open View of 


all who are preſent to ſee and learn the Manner 
thereof. 
A. Cannot you give me ſome particular Ac- 
count of thoſe Inſtruments, and the Manger, 
of uſing them 
B. It is the Subject of a large Volume to. 


deſcribe them with their Uſes in particular : 


However, of ſuch as are moſt common, to be 
had in the cafieſt Manner, and which you your- 
ſelf may underſtand, and uſe if you pleaſe, 
you may take the following Account. 
The Teleſcope is an optic Inſtrument where- 
with to view diſtant Objects, which it greatly. 
enlargeth, and makes them ſeem near us; by. 
which Means the Aſtronomers and Philoſophers 
have made wonderous Diſcoveries in the Sun, 

Moon, and Planets 7. 
The 


+ The Word Tleſcope is derived from æπ = to perfect, and 


Fabse to view; as being an Inſtrument that perfeers our View 
er 


* 


Parious Inſtruments deſeriÞd, 23 
The Microſcope, is contrived to augment and 
render viſible very minute and fmall Objects, 
which other wiſe eſcape the Sight “. 

The Helibſcope is a Sort of Teleſcope, fitted 
ſo,” as to look on the Body of the Sun with- 
out Offence to the Eyes r. 3 
The Barometer, or Baroſcope, is contrived 
to eſtimate the ſmall Variations of the Weight 
For Preſſure of the Air 5. 


B 4 The 


or Sight of diſtant Objects to the greateſt Degree poſſible. e. 
leſcopes are of two Sorts ; Diaptrical, which performò all by Re- 
Z /ra#iom ; and Cata-dioptrical, which performs by Reflection and 
= Refraftion jointly. Since the Surfaces of Bodies are increaſed 
in Proportion to the Squares of the Diameters or like Sides, the 
Light falling on them will be diminiſhed in that Proportion; 
and conſequently the more an Object is magnified, the more 
obſcure alſo it appears: Thus if one Glaſs magnifies the Breadth 
or Length of an Object ten times more than another, it will 
appear indeed an 100 times bigger, but withal an 100 times Jeſs 
bright than in the other: Therefore the more a Celgſcope ex- 
. the Length of 5 or 6 Feet, the worſe it is for viewing ter- 
reſtrial Bodies; but for Celeſtial ones, the greateſt Magnifier is 
the belt, becauſe their Light can't be leſſen d to any Diſadvan- 
tage, it being ſo very great. | TO . 
* Microſcope is compounded of Mixps;, ſinall, and Exoniw, to 
vieao; becauſe by it ſmall Objects are apparently magnified to 
the Sight. In this alſo, the larger the Object is made to ap- 
pear, the more obſcure it will be; and therefore in large Mag. 
nifiers, tis neceſſary to illumine the Object very ſtrongly, wit 
the Light of the Sun or Candle, by means of a Lens, or reflect - 
ing Mirrour. 3 3 
+ Helioſcope from Hue the Sun, and Exonil to view; it is 
beſt made by ſmoaking a Piece of Glaſs with a Candle, and 
putting it before the Eye-Glaſs of a Teleſcope next the Eye ; 
for then the Sun may be view'd in his Meridian Splendor yith- 
out the leaſt Offence. 3 | | | 
t Barometer is ſo called of gage. Weight, and werpiw. to 
meaſure ; becauſe it meaſure; the Heawineſs or Werght of the At- 
moſphere. Ihe common Barometer (called the Torricellian Tube, 
from its Inventor Torricellius an Talian,) is a Glaſs 7 of 1 
| about 
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The Anemoſcope, is an Inſtrument, invented , -Þ 


to foreſhew the Change of the Air or Wind *. 
The Aotpile, is contrived to ſhew the Na- 
ture and Force of pent up Air, rarified and 
breaking forth, reſembling a Tempeſt, &c. . 
The 


about 3 Feet in length, and 2 or 5 of an Inch Bore, hermeti- 


cally ſealed at one End; and at the other it is filled quite full 
of Quickſilver ;. and thus immerſed in a ſmall Veſſel of Quick- 


ſilver, that in the Tube will fink down, or run out into the 


Veſſel till it remains in the Tube between 28 and 31 Inches 
perpendicular Height ; and this Column of Mercury in the Tube 
is equal in Weight to a Column of Air of the ſame Baſe, and of 
tie Height of the Atmoſphere, and conſequently is ſuſpended - 
by it; which therefore, by its riſing higher or falling lower, 
ſhews the proportionally greater or leſſer Weight or Preffare of 
the Atmoſphere. Now ſince the Difference of the leaſt and 
greateſt perpendicular Height is in this Tube but about three 
Inches, therefore divers Contrivances have been made to render 
this Motion of greater Length in ſome other Direction, that 
thereby the Variation of the Air's Weight might be render d 
more ſenſible, or more exactly meaſured: hence aroſe divers 
Kinds of this Inſtrument, as the Diagonal, the Wheel, the Ma- 
chine, &c. Barometers ; for a large Account of which, fee Har- 
ris's Lexicon, or Reauning's Diſſertation on the Barometer. 

* Anemeſcope from avru©- the Wind, and oxoniw to view ; 
becauſe by it we ſee what Point or Part of the Horizon the 
Wind is upon at any Time. A very good Anemeſcope may be 
made on the Top of the Houſe (affected directly by the Wind 
on all Sides) by means of an Iron Rod ſtanding a conſiderable ' 
Height in the Air, with a Vane fix'd on the Top to render it 


verſatile; the lower End of which deſcending, the e 


ſhall have a large Index or Hand turning upon the Cieling of 
the Room, in the Center of the Comps/ſs duly deſcribed thereon; 
for then the Index will always ſhew the Point to and from which 
the Wind blows. : 

+ Zolipile (from abus nviz, the Gates of /Zolus, the God 
of the Winds) is a ſmall hollow Globe of Braſs, &c. with a 
{mall Neck and Hole, which being heated red hot, and thrown 
into a Veſſel of Water, the Water will ruſh into the Cavity al- 
moſt void of Air, and fill it; the Ball then ſet on the Fire again, 
the Water will be forced out in vaporous Steams with great 
Noiſe and Violence, and by Fits, by the Rarifaction and Spring 


of the internal heated Air. 
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the ſpecific Gravity of Liquids 4. 


Heat and Cold in the Air f. 


Various Inſtruments deſerib'd. * 2 5 


The Areometer, is an Inſtrument to meaſure 


* 


The Hygro/cope, is an Inſtrument to ſhew the. 


* 


The Thermometer, meaſureth the Degrees of 
The 


1 


Artometer, I ſuppoſe is from 2x'&- rare and uereiw: to mea- 
PR. ; tho? it Cans not the Rarity but Gn of: Liquids. 
The common Areometer. or Water Poiſe, is made of thin Glaſs, 
of the Form repreſented in Plate 1. Fig. 1. fronting p. 25. which 
being hollow, receives ſo much Mercury as will keep it ſwimming 
in an ere& Poſition ; then the Stem being ' nicely graduated, the 


Surface of the Liquids, into which it is immerſed, will cut off 


more or fewer Degrees, that is, the Ball will fink more or leſs as 
the Liquids are ſeverally of a leſſer or greater Gravity. A new 
Areometer is deſcribed in Philoſ. Tranſ. N. 262. which ſee. 
* Hygroſcope (derived of yp; moiſt, and oxomtw to view) 
is an uſeful Inſtrument to be made ſeveral Ways. The eaſieſt 


and beit of all is that made with a String of Whip-cord faſten d 


to a Hook in the Cieling, and at the lower End of which is 
fix'd a Weight of about ? a Pound, with an Index at the Bot- 

tom thereof a Foot long; and under it a Table, &c. with a 
large Circle divided into an 100 equal Parts or Degrees, ſo fit- 
ted, that the Center of the Index hangs juſt over the Center of 
the Circle. For this, after the String has been duly ſtretched, 
nicely ſhews, by its Twiſting and Contraction, the Moiſture, and 


+ by untwifting and lengthening, the Dryne/5 of the Air, in the 


Motion of the Index this way and that over the ſmall Diviſions 
of the Circle. See ſeveral other Kinds in Harris's Lex, Tech. 
under the Word Hygroſtope. : 
+ Thermometer comes from Oiun Warmth, and pergiu ta 
meaſure ;' the common Sort is the beſt, - which is generally added 
to the Barometer. It conſiſts of a Glaſs Tube fill'd with Spirit 
of Wine of a red Tincture; in making it, the Tube is heated 
very much in the Flame of 'a Candle, which cauſes a Vacuum 
in ſome Degree therein; then immediately the open End is 
dipt into the ſaid Spirit in a Veſſel, which by the Preſſure of 
the Air is made to aſcend therein, till the Ball and Tube- part be 
fil'd to a neceſſary Height. Then having a piece of Paper, 
&c. graduated from a certain Point on each Side, to 100 De- 
grees, put the Ball into Water juſt beginning to freeze, and 
place the Surface of the Spirit in the Tube at that time alt 
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The Hydroftatic Balance, is an exceeding ex- 
act fine Pair of Scales for making Experiments, 
relating to the Gravity of Fluids T. 

Dioptric Inſtruments of various Sorts to ex- 
plain the Nature of refracted Rays of Light, 
through various Mediums *. 

Catoptric Inſtruments are alſo manifold, 
which ſhew the Nature of reflected Rays of 
| Light'+. £ 

The Pneumatic Engine, called the Air 
Pump, is the moſt univerſal of all others ; it's 
the very Baſis of the Philoſophy. of the Air, 
and hath opened a greater Door to the Secrets 
of Nature, than any Thing that was ever in- 
vented: beſides ||. 4 i 
. The 


the (o) in a graduated Line, and the Thermometer is adjuſted for 
Uſe. This is an Inſtrument of admirable Uſe in the Hands of 
a ſkilful Perſon, in diſcovering the Degrees of Heat and Cold 
in Air, Animal and Vegetable Bodies, Liquids, Hot-beds, &c. 
See” - farther Account hereof in Dr. Hook's Micrograph. Page 
8, Oc. 7 : 

: t Hydroftatic is from 0% Water, and 'orarizy the Art of 
Weighing. The Inſtrument I make uſe of for finding the Spe- 
cific Gravity of Solids and Fluids is different from, and much 
better than- the common Hydroſtatic Balance, as I ſhall ſhew 
when I am arrived at that part of Philoſophy. 

* Dioptric, (of fa to ſee thro? any thing) is a Term ap- 
plied to all Optical Inſtruments which conſiſt of Lenſes, one or 
more; as Teleſcopes, Microſtopes, Magic- Lanthorns, and Camera 
Obſeura, &c. becauſe by them we fee Objeds-thro' the Medium of 
Glaſs, i. e. by Rays refracted through the Lenſes. | 

+ Catoptric (xa romrp a Mirrour) is a Term applied to all 
kinds of Glaſs, &c. Mirrours, whether plain, convex, concave, 
circular, cylindrical, &c. becauſe by them we ſee Objects by 
OT, of Light reflected from their Surface, which is call'd Re- 

fer Viſion. | 

Pneumatic is from miwua, Spirit, Air, Wind; becauſe the 
Air-Pump exhauſts the Air out of Bodies, placed in a proper 
Veſſel, called a Receiver. 1 
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Parious Infiruments deſerib d. Ip. 


The Orrery, which ſhews the Movements 


of all the Heavenly Bodies in the Solar Syſtem 
about the Sun (by a noble Piece of Mecha- 
niſm) all the Phænomena whereof are nicely: 
correſponding to the Truth *. 


A Deſcription of this moſt ſurprizing and uſeful Engine, ac- 
cording to Mr. Hauk/bee's Improvement thereof, take as follows. 

The whole Structure of the Air Pump, in which a, a, are 
two ſtrong hollow Barrels, or Tubes of Braſs, in which two 
Eunboli, or Suckers, are moved up and down by their Racks 
c, c, in whoſe Notches a Cog-wheel falls, which moves upon 
the Axis v½ñ when the Winch 6 is turned; g, g, are two Pillars 
of Wood fixed on the Frame at Bottom, and having Screws at 
Top on which the Nuts e, e, do run, and preſs down the Piece 
, f; upon the Cops of the Barrels to fix them at Top and Bo- 
tom; h, h, is a Swan- neck d hollow braſs Pipe, which com- 
municates with an hollow braſs Piece above, and another in 
the Box d below; the Piece alſo opens into the Cavity of 
the Receiver o, o, by a ſmall Hole in the Top Plate 7, i, on 
which it is placed: Alſo the Pipe in the Box 4, a, communi- 
cates at each End by a ſmall Tube with the Barrels g, g; and 
thus there is a Communication between the Barrels and the Re- 
ceiver 6, o, by which Means, the Air in the latter is exhauſted by 
the Suckers of the former. Moreover /, /, is a Gage, being a 
Barometer with its Baſon of Mercury in, and its boxen Index 
graduated into Inches.and (above 28). the Tenths of an Inch ; 
this Index is ſet on a piece of Cork which floats on the Surface 
of the Mercury, that it may riſe and fall with it, and ſo exaQly 
meaſure the Height of the Mercury in the Tube above the Sur- 
face of that in the Baſon. For this Barometer is open at Top, 
and communicates . with the Receiver, ſo. that the Greater or 
Leſſer Quantity of Air therein is ſhewn by the leſſer or greater 
Height of Mercury in the Tube, In the Pipe = is a Stop-cock, 
that alſo communicates with the Receiver, and either Excludes or 
readmits the Air as Occaſion requires. On the braſs Plates + 
at the Top of the Frame are placed wet Leathers to ſet the Re- 
ceiver upon, which effectually exclude all the external Air, 
while the internal is exhauſting by the Operator. And this is 
the Conſtruction of the 4ir-Pump in common Uſe. All which 
is exemplified by the Copper Plate II. repreſenting an Air- Pump, 
and fronting this Page. f 

* See the Figure of the Orrery publiſhed by Mr. Thomas * 
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A. Sure, wonderfully curious and delightful 

muſt it then be, to ſee all thoſe extraordinary 
Things performed by ſuch nice Inſtruments ! 
Alas ! how great is the Ignorance of the Gene- 
rality of Mankind ? what wretched, unworthy, 
and uncouth Notions have we conceived of the 
World, and Things therein ! We think ovr- 
ſelves learned, if we know how to find out a 
Word in Bailey's Dictionary, little dreaming 
ſo much Pains, Expence, and Time, neceſlary 
to acquire but a partial Knowledge, and to be 
eſteemed but moderately learned! 

B. Well, but don't be diſcouraged ; the 
Knowledge of theſe Things will be much eaſier 
and cheaper to us, than they were to our 
Forefathers; what coſt them Pounds, we may 
have for ſo many Pence; what coſt them 
Years of Study, Fatigue and Diſquietude, we 
may acquire with Eaſe and Pleaſure in a few - 
Days or Months; what they rejoiced to come 
at by Piece meals, and in an imperfect Man- 
ner, we have preſented, as in one entire me- 
thodical View. Wherefore if we are igno- 
rant, tis becauſe we are idle and indolent in- 
deed: If we live ſatisfied only with the vulgar 
erroneous Notions of fallacious Senſe, and en- 
deavour not to rectify them by the Precepts 
of refined and learned Reaſon, and the Methods 
put into our Power; in vain then, hath God 
given us Ability to be wiſer than the Foul of 
Heaven, and to have more — than 
the Beaſts wb! ch periſh. 


THE 


7 2920 


TE 


2 phical tant: 


Or, VIEW of 


Modern Philoſophy. 


FART E 


SOMATOLOGY: 
OR, 


DocrTrIiNE of the Univerſal Properties of 
MarrER; and the ſpecific Qualities of 
natural Bopms with Sir 18 AAC 
NEW TO 's Laws of Nature. 


dic e ss 8 a8 A8 Se ne B 8b Gee 


r 


— CES * | A — " 


TE. 0 


— — — di — — 


* 


— — 


131 


"CHAP. L 
SoMATOLOGY, treating of the common 


Nature and Properties Y all natu- 
ral Bodies. 


A. HA T do you call Somatology ? 

B. That Part of Phy/jology, which 
treateth of Matter or Subſtance in general, with 
the Nature and inſeparable Properties of all 
Bodies confiſting thereof. 

A. What is implied in the Original of the 
Word Somatology * 

B. The very 3 Thins: for 1t is com- 
poſed of the two Greek Words, Leila, Bo- 
dies, and aoſ@, 4 Diſcourſe ; i. e. 4 an 
of natural Badies. | 
A. What do you mean by Matter? 

B. The Sub/tance, or Eſence, of which all 
Things in the Univerſe conſiſt. 

A. Is there any Difference between what 
you call Matter and Body ? 

B. No; excepting only, that the latter is 
uſed often in the Plural, for the ſeveral ſmall 
Parts and Diviſions of the common Subſtance 
of the Univerſe ; 7. e. they are called Bodies. 

A. Is the intimate Nature of Matter to be 
known? 


B. No ; | 
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B. No; this is concealed from human 
Knowledge ; all we can diſcover of natural 
Bodies, are ſome few Properties and Aﬀec- 
tions thereof, which are more obvious to our 
Senſes. 

A. Is the Matter of all Bodies the ſame ? 

B. Yes; what the Philoſophers call the 
primary conſtituent Particles, Atoms, or Cor- 
puſcles of Matter, which conſtitute Bodies of 
infinite Kinds, are yet the ſame, or of the 
fame Nature, among themſelves, in all thoſe 
Bodies *. e 455 

A. And is not this the ſame Thing as to ſay, 
that Fire and Water, a Hint and Down, Gold 
and Dung, Sc. are the fame Things with re- 
ſpect to the Matter of which they conſiſt ? 

B. Yes, they are ſo; and what thence do 
you infer ? 

A. What then; why then, I believe, you 
will have few Diſciples amongſt the common 
People ; and ſeveral will think they give it a 


* Dr. Woodward aſſerts Matter to be originally and really 
very different; being at its firſt Creation divided into ſeveral 
Ranks, Sets, or Kinds of Corpuſcles ; that thoſe of the ſame Kind 
are every where alike and uniform; but thoſe of A Ferent Kinds, 
differ not only in Szb/ance but in all the "_ obſervable in 
Bodies compounded of them. And that from hence ariſe the 
Differences in Colour, Taſte, Smell, Hardneſs, Gravity, &c. in 
all Bodies. See his Eſſay towards a natural Hiſtory of the Earth, 
Part v. p. 229, 230. I his is the Doctrine alſo of the Carteſi- 
ans, tho abundantly confuted by the Newtonians. See Maut. 
Princip. p. 388. Optics, p. 313. Muſſchenbroet's Elem. Phy. 
Math. F. 61, 83, 383. Cheyne's Phil. Princip. p. 59. Boyle, 
on the Principles of natural Bodies. Ray, on the Creat. p. 68, 
85. Keill's Introd, ad ver. Phyſ. Set. viii. 
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- Of Matter, whether finite, &c. 34 
non Term than it deſerves, if they call ſuch 
Aſſertions philoſophical Romancing. 

B. Tis very probable; it may be ſo; but 
the real Nature and unchangeable Truth of 
Things, are ſtill to be inſiſted on, tho' they 
are unknown to, and gain no Credit with the 
Vulgar. 

A. Is Matter finite, or infinite? _ 

B. Finite; and limited within certain Spaces 
and Bounds, in the various Parts of the Unis 
vere wy. >; an \ 

A. How is Matter, or Body, commonly 
conſidered ? 

B. As having three Dimenſions, vis, Length, 
Breadth, and Thickneſs. 

A. Is this Conſideration of Matter the moſh 
1 ? 

B. No, tis too vulgar and defective. 

A. What is a more accurate Method to acz 
quire the beſt Knowledge and Ideas of Matter; 


or Bodies; that we are capable of ? 


B. By conſidering thoſe Properties and Af- 
fections thereof, which are obvious to us, an 


beſt known by us. 
A. How are the Properties of Bodies diſtin- 


guiſhed : | 
B. Into- thoſe which are common to all as 
US, and thoſe which are peculiar to each! in 


+ The Cartefe Fans abfardly 8 the Eſſence of Matter i in Ex- 
1 ion, and conſequently make it infinite, as being then the ſame 
72 itſelf. But the Newwtonians 13 it in ſalid ;mpene- 
"a e Corpuſcles, or Atoms, make it finite. See Newt. Princip. 
p 316. Cotes's Pref. thereto. Muſſchenbroek, Parc i. Chap. iv. 

Kills Jntrod, Leet. ii; Clarke's Notes on Rohaiilt, p. 22. 
5 * * 
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rticular : The firſt are called Common and 

Eſſential, the latter Specific and Accidental. 
A. Which are the Properties of the firſt 

Sort? | 

B. They are generally reckoned theſe which 

follow : 


I. Extenſion, for all Bodies are IRE WY | 

II. Droifibility, for all Bodies may be di- 
vided. 

III. Solidity, for the Particles of all Bodies 
are hard. 

IV. Figurability, for all Bodies have ſome 
Form or Figure. 

V. Mobility, for all Bodies are capable of 
being moved. 


A. Is this Enumeration of the common 
Properties of Bodies every Way juſt, and equal 
in al Things ? 

B. No, I do not think it is; for firſt, they 
may all be afferted of the whole Body, EX= 
cept Solidity, which agrees only to the Parti- 
cles of Bodies: Again, other Properties may 
as univerſally be afferted of Bodies as ſome of | 
theſe, as Durability; for a Body is no leſs in- 
finitely durable, from its Nature, than it is in- 
finitely diviſible. f 

A. Which are thoſe other Properties of 
Bodies, which you call Specific or Accidental? | 

B. They are * y reckoned the follow- 
ing: 


I. Light 


Properties, Qualities, of natural Bodies. 35 
of 1 '£# | 
. E ; 

I. Light. 

II. Colours. 

IIT. Sound. = 
IV. Gravity and Levity, 

V. Attraction and Electricity. 


VI. Tranſparency and Opacity. 1 
| VII. Denjity and R ũ. — 
g VIII. Hordneſs and Softneſs. £21 - 

IX. Rrgidity and Flexibility. . 1 
4 X. Confftente and Fluidity. ; 7 
XI. Heat and Cold. 1 8 | | 


XII. Humidity atid Siccity, 
XIII. Elafticity. | | 
XIV. Oahburs and Sapours. | | 
A. What do you call the Elenients of na- | 
tural Bodies? _ TH 26 | 
B. Thoſe pure and ſimple Subſtances, of | 
which all groſs and mixed Bodies are faid to L 
conſiſt ; and into which they may ultimately 
be reſolved, or reduced. _- = 
A. How many are thoſe Elements? 
B. The Ancients counted ſeven, viz. Fire, 
Air, Water, Earth, Salt, Sulphur, Mercury. 
A. How many do the Moderns reckon ? . 
B. Some of the modern chymical Philoſo- 
phers reckon five, viz. Mercury, Phlegm, Sul- 


JC Fi a ER ER 


Flur, Salt, and Earth. Others reduce them 
N to three, vis. Mercury, Sulphur, and Salt. 
: Whereas in Reality there are no other Ele- 


ments of natural Bodies than the primoge- 


nial Particles of Matter, or Subſtance, of . 
C2 | Which 
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which they conſiſt univerſally, and endued with 
the Properties above-mentioned . 


CHAP © 


Of ExTENSION, and the MAGNITUDE 
and Duazhsrons of natural Boptks. 


A. Remember you aid the firſt of the at 
verſal and eſſential Properties of Matter, 

or Body, was Extenſion; pray explain what is 
meant thereby ? | 

B. Extenfion of Matter, is the Quantity of 
Bulk, or Size, into which the primogenial Par- 
ticles of Matter are diſtributed, or extended, 
in any natural Body, - 

A. What ariſeth hence? 

B. The Doctrine of Magnitude, and Di- 
mer ſion of Bodies. 
Al. What do you call the Magnitude of Bo- 
dies? 

B. Their Size, or Bulk, or Quantity of Space, 


which they take up. 
A. How do you compute, or eſtimate, the 


Magnitude of Bodies ? 
B. By the Quantity of their Dimenſions,.. . 


A. What do you call the Dimen/ions of Bo- 
dies? 


+ That there is but one Element of all Podies, vix. Sab lane, 
or Matter, is largely thewn by the Authors quoted in Page 33. 


2 Their 


Of Magnitude and Dimenſions of Bodies. 37 
B. Their Extenſion in Length, Breadth, and 
Thickneſs, or Depth; and theſe are the com- 
mon Terms, or Bounds, which limit the Sub- 
ſtance of all Bodies. 

A. Have all Bodies theſe three Dimenſions ? 
B. Yes, they have; though one, or two, 
or all of them, eſcape our Senſes ; yet, they 
neyertheleſs exiſt together in all Bodies, 

A. How do ſome then ſay that a Point hath 
no Dimenſions? 

B. They mean by this, a Point, or the bei- 

leſt Part = Space, which, naturally ſpeaking, 

is Nothing, and therefore bath no Properties. 

A. How are Bodies differenced, with Re- 
pect to their Dimenſions ? 

\ B. They are by Mathematicians, on that 
ccount, diſtributed into Points, Lines, Su. 
erficies, and Solids. 

A. As how? | | 

B. They call that a Point, when all the 

three Dimenſions are ſo very ſmall, as to be 

altogether imperceptible, as the Speck A 

Line, is that which appears to have no Breadth, 

or T hickneſs, as BC; A Superficies, that which 

hath Length and Breadth, but no perceiveable 
Thickneſs, as ABCD; Laſtly, they call that 

a Solia, which hath evidently of the three Di- 

menſions, as the Solid 8; whoſe Length is AC, 

its Breadth AB, and its ; Thickneſs, or Depth, 

AE. See Fig. I, II, III, and IV. on Plate IV, 

fronting p. 70. 

A. How many are the Degrees of Magni. 


tude? 
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38 The PHILOSOPHICAL GRAMMAR. 
B. They are infinite; for no Body, however 
great or ſmall, can be given, but another may 
be conceived greater or ſmaller than it ; as I 
ſhall demonſtrate to you when we diſcourſe 
of the Diviſibility of Matter. 

A. How are Bodies, or Things, faid to be 
great or ſmall ? 
B. Greatneſs, or Smalineſs, are only relative 

Terms; and Things are great or ſmall only as 
they are compared one with another: Thus 
a Mountain two or three Miles high, is a great 
one, -and one not above two or three Perches 
high, is a ſmall one, when they are compared 

8 | 

A. Then, I ſuppoſe, you count it impro-' 
per, and unphiloſophical, to ſay any Thing is 
abſolutely great or ſmall. 

B. Moſt certainly it is ; ; becauſe the ſame 
Thing is either great or ſmall by Compariſon 
only: Thus a Hog is a ſmall Creature, compared 
with the largeſt Elephant; but it is a great 
Creature, when compared with a Loſe that 
crawls on his Back, 


— 


er 


[ 9 1 
\ 
0 H 4 P. III. 


Of the DrviemuTy of Matter, of 
the IN INIT Y thereof; and of the 
wonderful DucTIiiiTy and Driv1- 
SIBILITY of ſeveral Bopins, _ 


 ALNIX THAT is the Divifbility of Matter? 


B. It is that univerſal Property or 
Diſpoſition of a Body, whereby it is capable of 
being divided or reduced into Parts, either ac- 
tually or mentally, 
A. How far are Bodies capable of being di- 
vided? . 
B. Body is diviſible in infinitum, or without 


End. 


A. This is a wonderful Doctrine]! What 
will you ſay, that a very ſmall Particle of Mat- 


ter is capable of being divided into Parts ſtill 


leſſer and leſſer, . all the Ages « of Eter- 
nity ? 

B. Ves; and as wonderful as it is, it is ca- 
pable of no leſs than a plain mathematical De- 
monſtration. 

A. Do you fay fo! I wiſh it may be ſuch - 
as I can underſtand ; pray let me ſee it how- 
ever. 

B. Twill, and I'Il engage that you or any one 
may underſtand i it; and it is thus, let EF(Fg.V. 


on Plate IV. fronting p. og aright Line, Ifay, 
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40 The PILOSOHICAL GRAMMAR, 
that Line may be divided into a Number of 
Parts, exceeding any finite Number, and it is 
thus demonſtrated: Through E and F, the 
two Extremities of the Line, let there be 
drawn the two parallel Lines AB, CD, and 
ſuppoſe they were infinitely extended to the 
right Hand; then *tis evident, that in the 
Line CD, infinitely extended, there may be 
taken an infinite Number of Points, a, b, c, 
d, e, &c. Now if to each of thoſe Points there 
be drawn ſtrait Lines from the Point A (taken 
in AB, to the left of the given Line EF) each 
of thoſe Lines Aa, Ab, Ac, Sc. will cut off 
a ſmall Portion of the Line EF; but becauſe 
the Points a, b, c, Sc. are infinite in Number, 
ſo likewiſe are the Lines Aa, Ab, Ac, &c. and 
conſequently the Parts, or ſmall Portions, they 
will cut off of the Line EF, will be infinite in 
Number alſo; and thus it is manifeſt, that the 
Line EF, however ſmall, may yet be divided 
into an infinite Number of Parts *. N 
A. Indeed tis ſo plain, that I muſt confeſs 
and believe it: And what may we infer. from 
this wonderful Property of Matter??? 
B. Firſt, That the leaſt Particle of Matter 
is capable of an infinite Diviſion as well as the 
oreateſt, 4 E055 


* For 'tis impoſſible that all the Parts of the Line EF, or the 
laft Particle thereof next E, ſhould be cut off, unleſs we can draw 
a Line from the Point A to the Line CD which ſhall at the ſame 
Time coincide with AB: But that this is impoſſible every Tyso 
in Geometry can eaſily conceive and demonſtrate, See this Pro- 
perty in various Ways demonſtrated by Dr. Keill, in his third 
and fourth Lectures in his Introduction to Natural Philoſophy. 

Be condy, 


\ 
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Secondly, T hat there is no ſuch Thing as in- 
finitely ſmall Particles of Matter. 

Thirdly, That the original or e 
Particles of Matter, into which it may be ulti- 
mately reduced, are altogether paſt human 
Comprehenſion. | 

Fourthly, Hence we learn what wonderous 
Effects a ſmall Piece of Matter may produce by 


its Diviſibility and Ductility. 


A, What do you call the Duin of Mat- 
ter? 

B. That Diſpoſition of it, whereby it is ea- 
fily drawn out into Length, or Breadth. 

1 What curious and extraordinary Inſtances 


have you of this Kind ? 


B, I think the following very remarkable, 
Mr. Boyle faith a Piece of Silk, weighing two 


Grains and a half only, was drawn out into a 
Thread three hundred Yards long, 

He faith alſo, that one Grain of Gold may 
be beat into a Leaf of fifty ſquare Inches. 

If then an Inch in length be divided into 
two hundred Parts, the Eye: may diſtinguiſh 
them all; wherefore in one Grain of Gold are 
2000000 of viſible Parts. | 

An Ounce of Silver may be gilt with - 
eight Grains of Gold, which afterwards may 
be drawn out into a Wire of 1300 Foot 
long. 

Dr. Halley has made it appear, that 124500 
uy _ very fine Skins of Gold uſed in gild- 


ing 
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ing Silver-wire, do not in Thickneſs exceed an 


Inch. Beſides ſeveral other Inſtances. 
A. Theſe Things are very admirable indeed; 


what e eee, Diſcoveries have iſſued 


from the Dwiſibility of Matter? 

B. The extraordinary Subtility of Matter, 
and the Tenuity or Fineneſs of its Parts, will 
appear by theſe Inſtances. 

Mr. Boyle hath found that one Grain of Cop- 
per will tinge 25534 Grains of Water; and 
therefore in a Drop of Water, whoſe Diameter 
is one hundredth of an Inch, there are contained 
211400 viſible Parts of Copper, reckoning only 
an 100 to an Inch. 

Again, Dr. Keill hath competed the Mag- 
nitude of a Particle of 4fja Fætida, to be 
Nerd Parts of a Cubic Inch. 

He has likewiſe ſhewn that one of thoſe 
Globules of Blood, which circulate in the 
Veins of ſome very ſmall Creatures, doth not 
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exceed the ERIC Part of a Cubic | 


Inch. 
Once more, he hath alſo demonſtra- 


ted that one Grain of Sand will contain 
12 5$000000000000000000000000 of the a- 
foreſaid Blood Globules ; that is 102 56 Times 
more than the higheſt Mountain upon Earth 
FRE Grains of Sand, 

He hath ſhewn the leaſt Particle of 
Matter al be made to fill the greateſt Space 
( (ſuppoſe the Orb of Saturn) ſo that there 
ſhall be no Pore ns, whoſe Diameter 


ſhall 


1 — 
ſt + 


A. 
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ſhall exceed the 1000000000000th, &c. Part 
of an Inch *. Ms | 


Ne They who would ſee much more on the extreme DuQili 
and Subtility of Bodies, may conſult Rohault's Phyſics, Parr . 
Chap. 9. Dr. Clarke's Notes thereon. Mr. Boyle in his Book 
of Efluvia, Dr. Halley in the PBilgſ. Tranſ. No 194. and eſ- 
pecially Dr. Keili's Fifth Lecture of his Introduction to Natural 
Philoſophy. HR; 7 

It may not be unacceptable to the Reader to have ſome Idea 
of the ſurpriaing Smallneſs of Microſcopic Animalcules, from Cal- 
culation. Suppoſe ſuch an Animalcule be A B (See Fig. II. on 
Plate I, fronting p. 25.) which is made viſible by the Lens C at 
the Diſtance of BC, which ſappoſe one Tenth of an Inch ; then 


will the Angle ACB be equal to one Minute, for under fach an 
Angle an Object will but juſt appear or be viſible. 5 


Then in the Right: angled Triangle ABC, there is known the 
Side BCAs of an Inch, and the Angle C==o09 o1', to find 


the Side AB, the Length of the Animalcule, which is thus found, 


y Trigonometry. 
P As Radius anc——_— 10. 
To the Baſe AC==o. 1 9.090000 


So is the Tang*: of ACB==009 o 6.463726 


Met 
— — 


To the Side — APB==0,000020 5 463726 
That is, ſuppoſe an Inch divided into a Million of equal Parts, 
2 Animalcule AB will be no more than 29 of thoſe Parts in 

ength. 5 | 

Sropoſe it were as wide as long, the whole Surface thereof 
would be 0,00000000084 ; that is, 84 of an Hundred Thou- 
ſand Million of equal Parts of an Inch Square. 


” 


Taſiiy, Suppoſe it of a Cubic Figure, it will then be but 


0.0000000000000 24, i. e. x15556565656845I5555, Or 24 of a 
Thouſand Millions of Millions of equal Parts of a Cubic Inch. 

If then the Animalcule itſelf be of ſuch an inconceivable and 
ſtupendious Smalineſs, how ſma}l muſt the fineſt Particles of the 
Fluids be which flow thro' the fineſt Veſſels of its organized 
Body! This doubtleſs exceeds all Calculation, and the Force of 
Imagination itſelf, 5 . . 


CHAP: 
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[44] 
CH AP. IV; 


Of the SoupTy and FicuranliTY of il 


Bopits. 


A, HAT is that common Property 
of Matter, or Body, which you call 
Solidity? 5 
B. Solidity is that Property, whereby a 
Body reſiſteth all others that preſs it on every 
Side, and whereby it hinders all other Bodies 
from entering into that Place which it poſſeſ- 
ſeth, though they are forced againſt it ever ſo 
violently. | og 
A. Then ſuppoſe I preſs a Body ever ſo for- 
cibly between my Hands; that Property which 
prevents my Hands from coming to a mutual 
Contact, you call So/zqity, if I underſtand you 
right. > | 
B. Yes, I do fo; and this Property is the 
Ground or Cauſe of all Reſiſtance in Bodies. 
A. Is not this a new Term for this Pro- 
perty ? | 
B. Yes, it hath been formerly called Inpe- 
netrability; that is, whereby two Bodies can- 
not penetrate each other, or be in the ſame Place 
at ance . 


+ Some have compounded theſe two Terms, and called this 
Property of Matter Inpenetrable Solidity; and which does cer- 
tzjaly better expreſs it than either of the Words ſingly. 


A. And 
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A. And is this Property of Matter the ſame 


in liquid or fluid Bodies, as it is in hard or 


fix d ones? 


B. The very ſame; for a Drop of Water, 
or a Particle of Air, remaining fix d between 
any two Bodies, will no leſs hinder their Con- 
tact, than an equal Quantity of Steel or Dia- 
mond would do. 5 

A. Pray what is that you call Figurability 
of Body or Matter ? | 

B. Thatuniverſal Diſpoſition thereof, where- 
by it is neceflitated to appear in, or put on ſome 
Sort of Shape or Figure, or other. | 

A, Wherein doth the Shape, or Figure of 
Matter conſiſt ? | 

B. In the Manner, or Mode, or Faſhion, 


of its Extremities, or external Superficies, with- 


in which it is contained. 


A. Is it not the ſame with what is called 
the Form or Modification of Matter ? 

B. Yes; and fince the Forms of Matter are 
only the Shape, or Faſhion, of its terminating 
Extremities, we muſt exclude /ub/tantial Forms, 
as the contradictious Nonſenſe and Fargon of 
the Schools |. _ 

A. Doth this Property of Matter you now 
diſcourſe. of, equally relate to the original 


t The Doctrine of Sub/antial Forms is doubly abſurd, becauſe 
it teaches that Form is it/elf a Subſtance, and yet incorporea[l'; 
and of itſelf uncapable of Quantity, Dimenfion, and Diviſion. 
They are certainly poor Ontologiſts as well as Philoſophers, who 
talk at this Rate. Let thoſe who would ſee a great deal to little 


| Purpoſe ſaid on this Head, read Sennertus's Epitome of Natural 


Science, Lib. 1. Cop. 3. . 
| primogenial 
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ptimogenial Particles of Matter, as well as 
to the groſſer Compoſition thereof in natural 
Bodies? 

B. Ves; but in theſe WN Parti- 
cles of Matter, the Forms, no doubt, are much 
more ſimple, regular, and determinate, than in 
thoſe heterogeneous Compoſitions which we are 
acquainted withal. 


CHAP. V. 
Of Moz111Ty of Matter, and the Ma- 


ture 77 MorloN = Resrt. 


A. RAY what is meant by the Mobility 
of Matter? 

B. It is that eſſential Property, whereby any 
Part of Matter is capable of Motion, or being 
moved. 

A. What is Motion? 

B. A continual and fucceſſive change of 
Place. 

A. What is Reft ? 

B. The Continuance of a Body i in the fame 
Place, for any Time. | 

A. What is the Cauſe of Motion? 

B. An external Force or Power applied to 
any Body ; which being ſuperior to its Refiſt- 
ance, impelleth or driveth 1 it out of its Place *. 

A. How 


* Motion may be conſidered, (1 ) as abſolutely free, or at leaſt 


ſo far as to be affected with nothing but the Reſittance of * 
ium 


— 
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A. How is Motion diſtinguiſhed ? 

B. Into abſolute and relative. 

A. What is abſolute Motion? | 

B. 'The real Motion of a Body, from one 
Part of abſolute Space to another. 

A. What do you call relative Motion? 2 

B. It is the Change of Place, with Reſpect 
to ſome other Things at Reſt : And abfolute 
and relative Reſt is juſt the contrary to theſe. 

A. What do you obſerve hence? 

B. That a Perſon may relatively be at Reſt, 
who yet is really and truly in abſolute Mo- 
tion: 

A. Pleaſe to en this Matter. 

B. I will: Suppoſe a Perſon ſeated in a 
Ship, he appeareth to all within the Ship to 
be at Reſt; though at the fame Time he is 
moved with the ſame Motion, with the ſame 
Swiftneſs, and according to the ſame Courſe, 
as the Ship itſelf is, with Regard to abſolute 
Space. 

A. What are the general Affections of Mo- 


tion? 
B. They are theſe three, viz. 


The Celeri ty or Velocity of Motion: 
2.. The Quantity of Motion. 
3. The Direttzon of Motion. 


dium thro' which the moving Body paſſes. (2.) As determinate 
and under reſtraint, when the moving Body is obliged to move 
upon or about a fe Point, which is called the Center of Motion. 

Thus ſuppoſe the Line AB be moved on the Center C into any 
other Poſition as a b; the Point C is ſaid to be the Center of that 
Motion. See Fig. III. on Plate I, fronting p. 25. 


— 
® » 


A. What 
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A. What do you mean by the Celerity of 
Motion? „„ | _— 

B. It is that whereby a Body paſſeth over a M 
given Space, in a given Time: So that if in one 
Minute a Body A paſſeth over the Space @ b, 
and another Body B paſſeth over the Space c d, 
in the ſame Time; then the Celerity or Swiftne/5 
of the Body A will be to the Czlzrity of the Body 
B, as the Line 4b is to the Line cd. See Fig. 
VI. +. on Plate IV, fronting p. 70. 
A. How do you compute the Quantity of 
Motion N 

B. By compounding the Proportion of the 
Quantity of Matter, and the Velocity of Mo- 
tion : Thus, if the Body A hath two Parts of 


+ That is, the Celerities are to each other as the Spaces paſſed 
thro' by the moving Bodies. And thus, while A B is moving 
into the Situation a 6, the Point B will deſcribe the circular Arch 
Bb, in the ſame Time that A deſcribes the Arch Aa; and con- 
ſequently the Celerity of the Motion of the Point B will be to 
that of the Point A, as the Length of the Arch Bb is to the Length 
of the Arch A a, as being the Spaces paſſed thro' in the ſame 
Time; and this is the Foundation of all Mechanics, or the Science 
of Motion. | 

Now the Arch Bb is to the Arch Aa as Cb is to Ca; fot 
they are the Radii by which thoſe Arches are deſcribed. From 

- 6 and a let fall the Perpendiculars bE and a D on the Line AB; 
then in the ſimilar Triangles aCD and bCE, we have bC to 
aC as CE to CD; and therefore the Arch bB is to the Arch 
aA as CE is to CD; conſequently, if any heavy Body were 
placed on the Point B, and another on the Point A, fince all 
neavy Bodies, at liberty, tend to the Earth in perpendicular Di- 
rections, while the Line AB is raiſed to the Situation a 5, the 
Weights would, according to their proper Direction, or Propen- 
fion, be moved thro? the Spaces bE and a D only; and fo their 
Velocities, or the Spaces they paſs thro* round the Point C will 
always be proportional to the leaſt Diſtances CE and CD, of 
their proper Directions bE and aD, from the ſaid Center of 


| Matter, 


Fw 
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Matter, and fix Degrees of Veloeity, the Mo- 
tion of that Body will be twelve. See Fig. 
VII. +, on Plate IV, fronting p. 70. ; 
A. Then by this Means I perceive you have 
an eaſy Method of comparing the Quantity of 
Motion in any two or more Bodies. 
B. Yes, very truly : For, ſuppoſe the Body 
A hath two Parts of Matter, and ſix Degrees 
of Velocity ; and the Body B hath four Parts 
of Matter, and ten Degrees of Velocity; then 
the Quantity of Motion in A, paſling from a 
to b, will be to the Quantity of Motion in B, 
paſſing the Space cd, as twelve to forty. See 
Fig. VII, on Plate IV, fronting p. 70. | 
A. Why then I find, that if the Quantity 
of Matter. in any two Bodies be equal, and 
their Velocities unequal, and the contrary, 
their Quantity of Motion will likewiſe be un- 
equal. | „ 
8g It will be ſo; for the Quantity of Mo- 
tion in two Bodies will never be equal, if 
their Matter or Velocity differs, unleſs in this 
one Caſe, when the Quantities of Matter and 
Velocity are in reciprocal Proportion to each 
other: As thus, 4: 2: : 6: 3. Wherefore the 
Motion of B, with three Degrees of Velocity, 


+ What I here call the Qzantity of Motion, Mechanical Phi- 
loſophers call the Momentum or Force of Motion ; by which they 
mean all the Power that can be given to any Body, by Means 
of any Machine in regard cf the Grawity or Velocity thereof; from 
which two Principles, either ng ly or compounded, all the Farce 
or Power of Bodies is derived. | 


a "I 
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is equal to the Motion of A, with fix Degrees Þ 
thereof. See Fig. VII, * on Plate IV, front- 


ing þ. 70. 


A, What 


From hence the Theory or Reaſon of the Uſe and Advantage 
of every Mechanical Power or Machine, is evident. ET 


I. The LEVER, Fig. IV. of Plate I. fronting 5. 25. 


Let DE repreſent a Lever, moveable on the Fulcrum C; 
let Pa Weight of 2 Pounds hang freely from the Point E, and 
Wa Weight of 8 Pounds be placed on the Point D; Now if 
the Lever be moved, the Diſtance CE will repreſent the Cele- 
rity of the Body P, and CD that of the Body W, by Nate (*), 
in Page 40. Let CD be 3, and CE be 12; Then ſince it is 
P:W::CD:CE,7z.e.2:8:: 3: 12, tis evident the Power P (2) 
with its Celerity CE (12), will be equivalent to the Weight W 
(8) and its Celerity CD (3) for the Bodies P, W, being in a 
reciprocal Proportion to their Celerities, the Products of their 
Gravities into their reſpective Celerities (or neareſt Diſtances from 
the Center C) being equal, (wiz. 24.) on each fide, make the 
Force on each ſide equal; and conſequently the Lever DE will 
not be moved, but remain in Equilibris. | 

Therefore if an Hand be applied to the Point E, and preſs on 
the Lever with a Force any thing greater than that of 2 Pounds, 
it will raiſe the Weight W of 8 Pounds, placed as here ſvp- 

ſed. | 
yet tho? there be Levers of ſeveral Sorts, what is here ſaid 
is equally applicable to them all. 
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II. The BALANCE, Fig. V. of Plate I. fronting 5. 25. 


The Balance is a Machine for trying the Equality of Weights. 
Let DE be the Beam of a Balance, ſuſpended and moveable 
on the Point C, whoſe Arms (or Brachia) CD, and CE, are 
equal, as in a juſt Balance they ſhould be; and A and B be two 
Scales hanging from the Points D and E: Now if any Standard 
Weight W be put in the Scale A, and any Thing, ſuppoſe P, a 
Cheeſe, be put in the other Scale B, and the Scales remain in 
Equilibrio, then is the Body P of the ſame Weight as W; be- 
cauſe the Diſtances from the Center ©, (viz. CD and CE) are 
equal. ; 3 
e if the Scale A riſe or deſcend, ſo much muſt be 
taken from, or added to the Body P, as will reduce the Scales to 
| | an 
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A. What do you call the Direction of Mo- 
tion? 


B. It 


an Eguilibratios; as is always done in buying and /e/ling by 
Weight. 


III. The PULLEY, Eg. VI. of Plate I. fronting 5. 25. 


The Puiley is a Machine for raiſing Weights to a great 
Height. | 
| i% DEGF be a Tackle of Pullies, in which D and E are 
fixed, and G, F, move or riſe and deſcend with the Weight W. 
Let any Power be applied to the Rope at P to raiſe the Weight 
W; now 'tis plain that if the Weight W be tailed one Foot, 
the Pullies F and G will each of them be raiſed one Foot, con- 
ſequently the two Ropes R, S, belonging to F, and the other two 
T, V, belonging to G, will each be ſhortened one Foot, there- 
fore four Feet will be loſt in the four Ropes, R, 8, T, V, all 
which will be gained by the Power P; or it will deſcend four 
Feet while the Weight W riſes one ; and therefore the Velocity 
of the Power being four times greater than that of the Weight; 
the Weight will be four times greater than the Power that at 
P will ſuſtain it; | „„ 7 
And in all Tackles of this Kind; the Power is to the Weight 
it ſuſtains as One or Unity to the Number of Ropes applied td 
the lower Pullies. = 8 


IV. The WHEEL and AXIS; Fig. VII. of Plate I. front- 


ing p. 25. 

Let ACB be a Wheel, in which is fixed the Axis X; now 
tis eaſy to conceive that if any Power P be applied to the Cir- 
cumference of the Wheel, in order to ſuſtain a Weight W hang, 
ing from the Axis X, the Power P ſhall be to the Weight W, 
as the Circumference of the Axis to the Circumference of the 
Wheel. For while the Wheel turns once round, the Power P 
deſcends thro? a Space equal to the Circumference thereof, and 
the Weight in the ſame time is raiſed thro? another Space equal 
to the Circumference of the Axis; but the Celerities are as the 
Spaces paſſed thro?; and therefore as the Circumferences ; whence 
the Propoſition is evident: 73 | 
But fince the Circumferences of Circles are as their Diame- 
ters; the Power P will be to the Weight W, as the Diameter 
of the Axis X, to the Diameter of the Wheel AB, or (if Spokes 
be added) to the Diſtance of the Extremities of any two oppofite 
Spokes, as D, E. 


> 


D 2 i 


52 The Px1Lo50PHICAL GRAMMAR, 
B. It is a right Line, ſuppoſed to be drawri 
towards the Place where the moving Body 
1 tends: 


v. The SCREW, Fig. VIII, on Plate I, fronting 5. 25. 


The Screw is uſed for Preſſure, and ſome Times for raifing 
Weights. - 

Let AB be the Male Screw, DE the Nut or Female Screw, 
which is forced round by a Power applied to the Lever P, which 
is fixed thereinto. Now tis evident, that when the Lever P is 
turned once round, the Nut will be raiſed thro' a Space equal to the 
perpendicular Diſtance between two contiguous Threads of the 
Screw; wherefore the Power will be to the Force of this Machine, 
as the Diſtance between two Threads of the Screw is to the Spiral 
Circumference paſſed thro' by the Power. | 


VI. The WEDGE, Fig. IX, on Plate I, fronting p. 25. 


Let ABD be the triangular Face of the Wedge, and ſuppoſe 
it were driven into a Piece of Wood quite to the Top AB; tis 
plain the Wedge will have paſſed thro”. the perpendicular Space 
CD while the Wood hath paſſed thro' the horizontal Space CB 
or CA on each Side. And therefore tis inferr'd, that the Poaver 
is to the Refi/ance to be overcome on each ſide the Wedge, as 
the Thickneſs of half the Wedge CB to its Height CD. But 
there are various Proportions ſtated by difterent Authors con- 
cerning this Matter, as appears from the Authors quoted in John- 
fon's Duezſtiones Philo). page 69, 70. And they who would fee 
them all well accounted for, may conſult Roauning's Comp. Sy/- 
tem of Phidoſ. Part I. Chap. 10. Page 72, 73. 

Theſe, with the Iaclined Plane, are all the Simple Mechani- 
cal _ of which all others, how complicated ſoever, do 
conſiſt. 

Hence the greateſt Artifice in Mechanics is to contrive the Ma- 
chine, ſo that the Power may have the greateſt Degree of Ve- 
locity, and the Weight to be raiſed the leaſt Degree poſſible. 
From hence alſo it is plain, that what is gained in Power is 
loſt in Time; and that, fince the Force of the Power ariſes from 
the Product of the Celerity into the Quantity of Matter; tho” 
the Quantity of Matter be infinitely diminiſfied, yet it ſhall effect 

as much as before, by means of a greater Celerity. - 

Suppoſe a Man can preſs with the Force of 200 Pounds, and 
that the Weight of the Earth be 3997847001 180744647897 50 
now imagine the Earth placed at one End of a Lever, at the 
Dittance of 6ooo Miles from the Prop or Center of Motion 
then 
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tends: As ab is the Direction of the Body A, 
in Fig. VI. of Plate IV. fronting p. 70. 
A. What other Diviſions of Motions do you 
make ? „ 8 = 
B. According to the Force impreſſed on 
Bodies, their Motion is either /mple or com- 
A 5 
A. Pray, Sir, what is fimple Motion? 
B. When only one Force or Power acts on 


any Body, the Motion produced thereby is 


ſimple, and according to the Direction of the 
impreſſed Force. | | | 

A. And, next, pleaſe to explain compound 
Motion. 

B. This is produced when two or more 
Forces act on any Body in different Directions: 
Thus, ſuppoſe a Power H acts on the Body 
A, with eight Degrees of Force, in the Di- 
rection AB; and another Power I acts on it, 
with ſix Degrees of Force, in the Direction 
AC; I fay, the Motion of A is not ſimply in 
either of the Directions AB or AC, but in a 
Direction compounded of both, viz. AD, and 
that with ten Degrees of Force ; and arrives 
to D in the ſame Time as it would have ar- 


then muſt the Perſon or Power be applied at the Diſtance of 


119935410035 42233943692 50 Miles to ſuſtain it, If the 
_ be raiſed but one Mile, the Power muſt move through 
the Space of 1998923c00590322323948 4 Miles. The 
Diſtance of Saturn from The Sun (equal to its mean Diſtance 
from the Earth) ſuppoſe 770310000 Miles, by which divide 
the Number 11993541003542233943692500, the Quotient is 
15 56974595 1035731 which is ſo many times Saturn's Diſtance 
from the Earth, that the Perſon muſt be placed from the Fulcrum 
to ſuſtain the Earth, = EE 
N 23 rived 
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rived to B or C with thoſe Forces ſingly. Seg 
Fig. VIII. T, of Plate IV. fronting P. 70. 


c HAP. 


+ For ſince the Body A is urged by a Force reprefented by 


the Line AB=8, and by another repreſented by AC==6, the 


Line AC may be conceived to moye parallelly along the Line 
AB, while the Line AB, in like manner, and in the ſame time, 
moves thro” the Line AC; and the Body A being neceffarily 
found in both theſe Lines, it muſt be in that Point where they 
interſeR each other; therefore drawing BD parallel to AC, and 
CD parallel to AB: theſe Lines BD and CD will be the Direc- 
tions of the Forces for the given Time, .and conſequently the 
Point of their Inter ſection D, will be that in which the Body A 
will be then found; and the Line AD, the Path deſcribed by 
the Body A, or the Point D, in the ſeveral Moments of that Time. 

2. Hence it is eaſy to conceive how any give Jap? Motion, 
as AD, may be reſolved into two other ſimple Moti 
AC, whoſe joint Efficacy is equivalent to that of AD; and 
hence any Motion may be conſidered as Simple or Compound, on 
which Principle the Doctrine of the Compoſition and Reſolution of 
Motion, Or Forces, depends. | 5 i 

3. Let FG (Fig. X. of Plate I. fronting p. 25.) be the Section 
of a Plane, on which a Body impinges in the Oblique Direction 
AD; then is the Force with which it ſtrikes the Plane in D re- 
preſehted by AD, which is reſolvable into the two Forces AC 
and CD, of which AC being parallel to the Plane FG does not 
affect it in the leaſt ; but CD being perpendicular thereto, ex- 
preſſes all the Force with which the Body A ſtrikes the Plane in 
the Direction AD. But CD is equal to AB, which is the Sine 
of the Angle of Obliquity ADB, and had the Body A impinged 
perpendicularly on the Point D, its Force had been expreſſed b 
ED; but ED is equal to AD: Therefore the Force of a direc 
Stroke is to that of an oblique one as AD to AB; that is, as 
Radius to the Sine of the Angle of the Obliquity, or Incidence. 

4. Suppoſe A to be a Particle of Water, Air, &c. then fince 
all Surfaces are as the Squares of their like Sides, *cis evident that 
ſeveral Quantities of Water, Wind, &c. which fall in various ob- 


Jique Directions on the of a Wheel, the Rudder ofa Ship, 
the Sails of a Mill or Ship, &c. will have their ſeveral Forces as 


the Squares of the Sines of their ſeveral Angles of Incidence ; and 
therefore are eaſily computable. See Harris's Lex. Tech. under 
the Word Sail. Motte's Mechanical Powers. «ES 
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B. "Aving thus taken a brief Survey of 
the moſt general and eſſential Pro- 


perties of Matter ;-let us now proceed to thoſe 
which are more particular, called the ſpecific 


or accidental Qualities of Bodies. 

75 Why are they called ſpeciſic or acciden- 
ral . | 5 
B. They are called ſpecific, becauſe thereby 
the ſeveral Kinds of Bodies have their Divi- 
ſion into various Species, and are what they 
are, being thus differenced from one another: 
Thus, Fire by Heat, Glaſs by Tranſparency, 


Liguors by Fludity, Solids by their Fixity, 


&c. are different from each other; and are ac- 
counted particular Species of Matter. 


5. On this Principle may we calculate the Ratio of the Power 
and Weight ſuſtaining each other in Equilibria on an Inclined 
Plane. Let the Plane be AF (Fig. XI. of Plate I. fronting p. 
25.) on which the Weight W is ſuſtain'd by the Power P, the 
Angle of Inclination is AFG, The Weight toucheth the Plane 
in the Point B thro' the Center E, perpendicular to the Plane, 
draw ED; and perpendicular to the Horizon FG draw BC, pa- 
rallel to which draw DH; then will BD expreſs the Force where- 
by the Weight gravitates on the Plane, DH the Force whereby 
it gravitates towards the Earth, and BH the Force whereby it is 
attracted by the Power P, as being parallel to AE, But BH is 
to HD (as CD is to BD) as AG is to AF; that is, the Power P 
is to the Weight W as the Height of the Plane AG is to the 
Length APF; or, as the Sine of the Inclination to Radius. 


D-4 A. But 


"OY 
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A. But you do not ſay why they are termed 
accidental? „ 35 5 

B. I was juſt going to tell you; they are 
thus called, becauſe they are not eſſential to 
Matter, but happen to Part thereof per Acci- |. 
dens, or by Accident ; for 'tis purely ſo, that 
one Part of Matter is diſpoſed to be hot, ano- 

ther cold, another dry, another light, another 
of this Colour, and another of that *. 

A. Which of thoſe Qualities will you be- 
gin withal ? 

B. LIGHT; this being the moſt conſider- 
able and wonderful of all others; and by which 
all Things are made viſible and known. 

A. Pray what do you call Light? 

B. That Quality of certain Bodies, whereby 
they become viſible to us, and render others 
ſo. : a > 

A. What is the true Cauſe of Light in thoſe 
Bodies ? - 

B. No Man can certainly tell; however, 

ſome affirm it to conſiſt in the extreme vibra- 
ting Motions of the Parts of thoſe luminous 


Bodies , - 4 
A. By | 


"Ja 
2 


* What is here faid is in regard only of the Particles of Mat- 
ter in themſelves conſidered ; for no doubt the all-wife Creator 
| had ferfe# De/ron and Ends in view, in his Choice and Diftri- 
3 bution of the Qzalities of natural Bodies; and which we muſt 
_ therefore look upon as a great Baſis of the Doctrine of final 
oy 1 ö Cauſes. © EE 
C i FT Ariflotle defines Light to be irepytic Ts AiucOayes, the inter- 
=... na] Action or Energy of pellucid Bodies. This javours too much 
of an Hypotheſis. | 
Des Cartes, and his Followers, diſtinguiſh two Kinds of Light; 


f1 ) Primigenial ; which, they ſay, Eonſifts in a certain Motion of ; 
„„ 5 bes 
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A. By what Means doth Light come to af. 
fe& our Eyes? 1 25 
B. Tis ſuppoſed this is owing to a very fine 
ætherial Matter, vaſtly rarer and finer than Air, 
which is the Medium by which the Rays of 
thoſe luminous Particles are tranſmitted or pro- 
| gated to our Eyes, and illuminate them with 
their Light, | 3 
A. You then ſuppoſe, I find, that what we 
call Rays of Light are real Bodies, or Particles 
of Matter, endued with the Quality of Light, 
and not the Quality itſelf 4. : 
B. You hit it; I do indeed not only ſuppoſe 
it, but am ſure of it, | | 
A, Are you indeed! then I am ſure not on- 
ly myſelf, but Thouſands more, have been long 


F 


the Particles of a lucid Body, which agitate and propel the /ub- 
tile Matter in its Pores every Way, and in all Directions. 
(2) Secondary or derivative Light ; which conſiſis in an Endea- 
wour to Motion, or an Inclination of that ſubtile Matter to recede 
from the Center of a lucid Body in ſirait Lines. Such are the 
curious Fictions of theſe hypothetical Philoſophers. 

The Nexwtonians very juſtly make Primigenial Light to con- 
ſiſt in à certain Motion of the Particles of luminous Bodies, which 
force out. and off the ſaid Bodies certain exceeding and inconceiu- 
ably ſmall Particles, which, with incredible Force, are every Way 
emitted in ſtrait Lines: And Derivative Light to conſiit not in an 
Endeavour to Motion, but in a real Motion of thoſe Particles emit- 
ted from Bodies, as aforeſaid. See Clarke's Notes on Rohault's 
Phyfics, Part I. Chap. -xxvii. Newton's Optics. Boerhaave's Chy- 
miſtry with Shaw's Notes, Page 220, c. Boyle's Experiments 

to make Fire and Flame ponderable. Harris's Lexicon under 
the Word Light. - Haukſbee's Experiments, and thoſe of De/a- 
guliers, Graveſande, & c. Derham's Phyſico-Theology, &c. 

t Sir Jaac Newton computes the Force of AttraQion in the 
{mall Particles of the Rags of Light to be 1000000000000000 
times greater than the Gravity of Bodies on the Surface of the 
Earth, according to the Quantity of Matter which is in them. 
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miſtaken. Pray, is not the Sun the Fountain 
of Light originally ? | 
. No: He is only the greateſt Body that 

emits Light in our planetary Syſtem : Light it- 
ſelf being aQuality innate to thoſe Bodies which 
emit it naturally. 

A. But why do you ſay itarally ? 

B. Becauſe gpake or dark Bodies, when heated 
beyond a certain Degree, will emit Light; and 
all Bodies, eſpecially ſulphureous ones, having 


* 3 their Parts ſufficiently agitated, do ſhine or e- 
1 | mit Light: Whether this be by Percuſſion, as 
| ij _ Nuickfitorr, when ſhaken in YVacus ; or by At- 
_ "= trition, as a Cat's Back, or Horſe's Body, Sc. 
= rubbed inthe Dark ; or by Putrefaction, as hap- 
\ * pens in Wood, Fleſh, &c. when putrefied ; Or 
"* by any other Way. 

1 A. Is the Motion of Light inſtantaneous or 
Wl ſucceſſive ? pt? 
1 B. It being found (by Obſervation) that 
1 Ligbt is ſucceſſive, or propagated in Time, hath 
= | at Length ended this long and difficult Contro- 
"mn verſy. 

1 A. By what Kind of Obſervations is this diſ- 
= cover'd? 

=. B. Aſtronomical 8 the Princi- 
: "0 pal of which is, that of the Eclipſes of the 
1 Satellites of Jupiter; for thoſe Belofes, when 
= the Earth is between the Sun and Fupiter, hap- 
=. pen ſeven or eight Minutes too ſoon ; and 
=. when the Earth is beyond the Sun, they hap- 


= | | pen as much later than they ſhould by the } 
= Tables; the Reaſon of which is, that Light 


Of the Nature of Light. 59 
hath farther to go in the latter Caſe than in the 


former, by the Diameter of the Earth's annu- 


al Orbit &. 
A. Why, if this be the Caſe, you may 
nearly compute the Motion of Light; can you 
not ? | 
B. Yes, eaſily ; for ſince the Diſtance of the 


Sun from the Earth is known to be about 81 


Millions of Miles, if that Number, vis. 
81000000, be divided by 450, the Seconds in 
7 Minutes, the Quotient will be 180000 
Miles; and fo far doth Light fly every Second 
of Time. | 

A. Pray make this incredible Swiftneſs of 
Light a little more intelligible by Example. 

B. Iwill: *Tis found that a Bullet, at his 


| firſt Diſcharge from the Muzzle of a Cannon, 


flies one Mile in a little above 8 + Seconds, and 
therefore would be 32 3 Years in arriving to 


the Sun; hence the Proportion of Swiftneſs in 


a Cannon-Ball and Light, is as 1 to 1530000 


nearly; that is, Light flies one million five 


* To illuſtrate this important Diſcovery, let ADEB be the 
Earth's Annual Orb (Fig. XII. of Plate I. fronting p. 25.) C 
the Sun ; I the Planet Jupiter in his Orb HK, and > a Satellite 
juſt entering his Shadow. Let D and E be two Si: uations of 
the Earth in its Orb, whoſe Diſtance DE is equal to the Semi- 
diameter of the Orb AC. Now tis plain that if the Motion of 
Light were in/?antaneous, the Satellite S would appear to enter 
the Shadow at the ſame Moment to a Spectator in E, as to ano- 
ther in D : but, by many Years Obſervations, it has been found 
that the Immerſion of the Satellite into the Shadow is ſeen at D 
about 7 4 Minutes ſooner than at E, which is 81000000 Miles 
more diſtant ; and conſequently, as Mr. Romer firſt obſerved, 
the Motion of Light is thereby proved to be progreſſiue, and 
not iaſtantancous, as was formerly believed. 

| hundred 


- - wn q 3 - L 
a —_— = Tz. TW = * 7 = = 
rr SS eee 


———— 
1 Sh 


1 

| 

* 
_ 
5 my 
= "oh 
=_ If 
A ? \ l 
* 


60 The PHILOSOPHICAI GRAMMAR: 


hundred and thirty thouſand Times faſter than 


a Bullet at his firſt Diſcharge +. 

A. Wonderful are the Works of God ! Not 
only paſt- finding out, but paſt Belief, when 
but imperfectly known But, pray, what other 
Properties of Light are diſcovered ? 


B. Light is not only found to be a Body, 


but it is alſo found to conſiſt of Rays tinctured I 


with all the original Colours in Nature. 

A. In what Order are the Rays of Laght 
found to be coloured ? 

B. According to. the different Degrees of 
Refrangibility in the Rays: From Rays leſs re- 
frangible to thoſe that are moſt ſo, the Colours 
appear in this Order, viz. Red, Orange, Yel- 


low, Green, Blue, Indigo, deep Violet, But 
more of Colours when we diſcourſe directly 


thereof by and by. 


A. Pray, what other Affections of Light are 


obſervable ? 
B. Its Reflexibility and Refrangibility +. 


A. What 


+ See Derban' s Phy -fico- Theology, Book I. Chap. 4. Mere 
th and 5 tb 
1 The Reflexibility and Refrangibility of Light make the 
Subjects of Catoptrics and Dioptrics, which are the two great 
Parts of the moſt curious and delightful Science of Optics. See 
Notes * and 7 in Page 26. t | 


5 8 Of CATOPTRICS. 


1. Catoptrics is the Science of Reflex Viſion, or that which is 


perform'd by Rays of Light reflected from the poliſh'd Surfaces 


of Mirrours of every Sort ; of which there are three very con- 
ſiderable, wiz. 
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will be ſeen. | 
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A. What, do you call the Reflexibility of 
Light? | 


YE B. The 


2. Plain Mirrours, or Looking-Glaſſes : the chief Properties 


of which I have taken Notice of in the Text above, viz. that 
| all Objects are repreſented in their mages juſt as far behind the 


Mirrour as they are really before it ; that they appear fituated 
on the ſame Side; and laſtly, that the Images are in all reſpects 
alike and equal to the Objects in Magnitude. | 

. Convex Mirrours, or ſuch whole Surface is ſpherically round, 


as MR (Fig. XIII. of Plate I. fronting p. 25); to underſtand 


the Nature of which, let AB be an Object, from the Extremities 
of which A and B, let two Rays BD and AD fall upon the Mir-- 
rour in the Points C and D; let PC and O be perpendicular 
to the Convex Surface in the ſaid Points C and D; then make 
the Angle PCE equal to the Angle BCP, and CE ſhall be the 
Ray BC reflected; in like manner, the Angle QDF being made 
equal to the Angle ADQ, the Ray DF ſhall be AD reflected. 
ow *tis evident the Object AB will be ſeen by an Eye at EF in 
the Direction of the reflected Rays EC and FD; that is, in the 


= Focus of the Mirrour GH, which will be the rage of the Object 


AB. 
4. By theſe Mirrours, (1.) All Objects appear behind the 


Glaſs. (2.) Their Images are all rec. (3.) The Images are 


all leſs than the Object. (4.) Parallel Rays, or ſuch as come 


from Objects at a vaſt diſtance, have their Focus or Image at the 


Diſtance of half the Radius of the Convexity. (5) Diwerging 
Rays, or ſuch as come from near and ſmall Objects, are repre- 
ſented nearer the Glaſs than half the Radius. (6.) If the Di- 
ſtance of the Object be equal to the Radius of Convexity, the 
Image will be painted at 4 of the Radius behind the Glaſs, 
(7.) In Conwerging Rays, if the Diſtance of the Object be leſs 
than half the Radius of Convexity, the Focus, or Place of the 
Image will be before the Glaſs; otherwiſe always behind it. 
(8.) If the Object be a Right Line, the Image will be a Curve; 
8 the Object be a plane Superficies, it will be repreſented a cur ed 
ne. 


5. Coneave Mirrours are ſuch as are ſpherically hollow on the 
poliſh'd Surface, or that next the Eye To underſtand the Pro- 
PR thereof, let AB (Fig. XIV. of Plate I. fronting p. 25.) 

e an Object, BC and AD two Rays from the Extremitics there- 
of falling on the Surface of the Concave Mirrour MR in the 


Points C and D; they will be reflected thereby into the Rays CE 


and DF, in the Direction of which the Image of the Object 
6. Whence 
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B. The Diſpoſition of the Rays to be re: 


flected, or turned back from the Surface of 
| 25 | any 
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6. Whence tis Plain th That, Rays falling on fuch a Mir- 
-rour, are, b * made to eon or interſect each 
other, as here in the Point o. (z.) The Object AB will appear 
inverted and diminiſhed in its Tmage,/a 6, in that focal Point s, 
to an Eye placed farther diſtant from the Glaſs, at at EF, 
(3.) If the Eye be placed nearer the Glaſs than the Focus o, the 
Image of the Object AB will appear behind the Mirrour, and 
very much enlarged, as GH. (4.) Diverging Rays falling on 
this Mirrour, if the Diſtance of the Object be leſs than half the 
Radius of the Concavitys. the Image will be behind the Glaſs y 
if greater, before it. (5.) Convirging Rayg form the /mage al- 
Trays before the Glaſs. (O. Parallel Rays ee to a 
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= | U Point at the Diſtance of half the Radius before the Gl 
0 | 7. From this laſt mentioned Property of a Concave Mirrour 


tis eaſy to underſtand how they become Burning-Glaſſes ; for 
1 the Rays of the Sun being Parallel, as coming ſrom à vaſtly 
1 diſtant Object, all of them which fall on the Surface of the Mir- 
| rour are collected into a very ſmall Space or Cirelè Whereof 
the Heat will be to that of the Rays uncolletted 88 the Square 
of the Width of the Mirrour to the Square ofthe Diameter of 
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— — er TOR Ar rga=——""<Mem—a—nr at" = 
1 CONS 
— — 


the Circular Spot, or as the Area of the Glaſſ ib the Area of 

1 the Spot. The Heat then being thus prodigiouſly augmented 

| 1 N will burn violently in that Point; Which is the Reaſon why it is 
1 call d the Focus. — 8 


II. Of DIQP TRICS. . 


1. This Part of Optics confiders the Nature of Vifion by 
Rays of Light refracted thro' different Mediums, but principally 
throꝰ Gh. in thoſe, Forms we call Lenſes. 2 

2. Of Lenſes there are five principal Sorts, wiz. (10 A Plano. 
convex, mark'd A. (Fig. XV of Plate I. fronting p. 25.) which 
has one Plane Surface, the other a Conwex' one. (2.) A Double- 
convex, as B, which has both Surfaces convex. (3) A Planes 
concave, as C, which bath one Flane, the other a Concave Surface. 
(4.) A Double concave, as D, which has both Surfaces concave. 
(J.) A Convex-concaver, as E; one of whoſe Sides is convex, and 
the other concave. This Lens is uſually called a Jie. The 
1 Line FG is the Axis common to each of thoſe Lenſes, às paſ- 
3 ſing thro' their middle or Vertical Point. i 


5 3. Let LN be a hulle conuitæ Lens in Fig. XVIdof Plate III. 

1 il fronting p. 62. or a double-concawe as Fig. XVII. of Plate III. 
10 fronting . 62. A and BU the Ragii of their Convexities 
1 | and 
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any Bodies on which they fall: Thus the Ray 


EN 1 Y CLIT 
8 * r 1 3 
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and Concavities, which are here equal; from any Point C in 
the Axis, ſuppoſe a Ray CD proceed diverging, and fall on the 
Surface of the Lens at D; to the Point D draw BD perpendi- 
cular, then the Ray in paſſing through the denſer Subſtance of 
Glaſs will be bent out of its Courſe CE towards the Perpendi- 
cular DB, and ſo be refracted from D to E on the other Sur- 
face; draw the Perpendicular AG thro* the Point E, then the 
Ray DE paſſing out of G/a/s into Air, will be refracted from 
tits ſecond Courſe DH, into a third Courſe EI from the Perpen- 
= dicular EG or AE. Now *tis evident from the Schemes, that 
the Ray EI is, by the Convex Lens, made to converge towards 
the Axis, and to interſect it in I; but in the Concave Lens, the 
== ſame Ray E is made to converge from the Axis. And this 
would have been the Caſe of a Plano- conwex, and a P.'ano con- 
cave-Lens, with little Variation. 

4. Concerning the various Properties of all Varieties of Len- 
ſes, and Rays incident upon them, ſee Mr. Molineux's Optics, 
Dr. Gregory's Elements of Catoptrics and Dioptrics, with 
Dr. Brown's Supplement thereto ; and Mr. Rowning's Comp. 
Syſtem of Philoſophy, Part III. All which may be ſeen con- 
firm'd by Experiments in Grawveſande's Math. Elements of Natu- 
ral Philoſ. Vol. II. Book III. Part II. | 

What js here obſerv'd of the Nature of Lenſes in general, is 
ſufficient for underſtanding the Structure and Effects of Dioptric 
Machines; as the Microſcope, Teleſcope, Camera Obſcura, and 
Magic-Lanthorn. | 
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III. Of the MICROSCOPE, 


1. Let DE be the Object-Glaſs. and FG the Eye-Glaſs of a 
Microſcope ; Fig. XVIII. of Plate III. fronting p. 62. abc a ſmall 
Object to be view'd by the Eye at P. Draw the dotted Line or 
Axis aA thro' the Center of the Lens DE, and let aD be a Ray 
proceeding from the Extreme Point a, of the Object, and incident 
on the outmoſt Part D of the Lens; this will be refracted into 
the Direction DA, and interſe& the Axis in the Focal Point A: 
in like Manner a Ray aE, incident on the other Side E, will be 
refracted into EA meeting the Axis in the ſame Point A. So 
that the whole Cone of Rays DaE will be refracted into the Cone 
DAE ; and therefore the Extremity a will be repreſented at A. 
In the ſame Manner the Cones DbE and DcE will after Refraction 
become DBE and DCE; conſequently, the three Points 4, l, c, will 

: be 


” 
: 
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aB falling on the Surface AC, in the Point B, 
9 . 


be repreſented in the Image at A, B,. C; and all Points between 
the former will be painted fimilarly between the latter. 

2. Therefore the ſmall Object a bc will have its Image form'd 
in the Focus ABC; and the [mage will be in Proportion larger 
than the Object, as the Diſtance of the Image is greater than 
the Diſtance of the Object from the Glaſs DE. Alfo the Poſition 
of the Object will be inverted in its Image, as is evident from 
the Figure. 12 

3. The Image ABC is now to be conſidered as an Object 
view d thro' the Eye-Glaſs FG. Now it is to be well noted, 


that Rays falling parallel on equally Convex Lenſes are collected 4 
together in the Center of Convexity; therefore if the Image 


ABC be placed in the Center or Focus of the Eye-Glaſs FG, 
all the Rays coming from it after Refraction thro' the Glaſs, 
will proceed parallel till they arrive at the Pupil of the Eye at 
7 and that they ſhould do thus, is neceſſary, to cauſe diſtinct 

iſion. 5 

4. In the Pupil P, the Rays all croſs each other again, and 
by the Cryſtaline Humour (de are collected of united in the 
Focus, which is on the Retina on thè Bottom of the Eye, and 
there the ſecond Image a hc is form'd in its true Poſition, like 
that of the Object a b c. Yet notwithſtanding this, the Mind 
conceives the Idea of the Object as inverted, the Reaſon of 
which odd Phenomenon I ſhall not here enquire, but proceed to 
the Conſtruction. 


IV. Of TELESCOPES. 


1. Thefirft Teleſcope I ſhall conſider is that call'd a Profpec- 
tive-Glaſs, (Fig. XIX. of Plate III. fronting p. 62) conſiſting 
of a Convex Object Glaſs CD, and a Concave-Eye- Glaſs BF, 


which is to be ſo placed, that the Focus, or Center of each Lens, 


may fall on the ſame Point or coincide ; then ſhall parallel Rays 
coming from any Object AB, and refracted by CD towards EF, 
by paſſing thro* EF, be again made parallcl, and confequently 
fit to produce diſtin& Viſion. (1) This Glaſs ſhews Objects 
ered ; for the Rays do not croſs or interſect each other any 
where, which alone cauſes Objects to appear inverted. (2) It 
magnifies Objects in the Proportion of the Focal Diſtance of the 
Convex Lens D, to the Focal Diſtance of the Concave one EF. 
 (3.) In this Glaſs no more of the Object is ſeen at one View 
than what falls on the Pupil of the Eye I, which therefore in 
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Colours, Refledtion, Refration of Light. 65 
is reflected or turned back again in the Direc- 
tion Bd. See Hg. IX. of Plate IV. fronting 


P. 70. 


i | . A. In 


near and large Objects is but a very ſmall Part, and ſo this Glaſs 
is in ſuch Caſes but of little Lie. | | 
2. A ſecond Sort of Teleſcope is that conſiſting of two Lenſes 
alſo, but both Conwex ones, as AH and BI (Fig. XX. of Plate 
III. fronting p. 62.) Let K be the Focus of both Lenſes, then 
will the Image of a vaſtly diſtant Object EF be there form'd 
and appear inverted to an Eye placed in the Axis MG any 
where behind the Lens BL. On this Account it is ſe'dom 
uſed unleſs to view the Heavenly Bodies, whoſe Poſition is not 
regarded. This Glaſs alſo magnifies Objects in Proportion of 
the Focal Diſtance of the Object Lens QK to the Focal Diltance 
of the Eye-Glaſs KL. In this Teleſcope ſo much of the Ob- 
je& is ſeen at one View as falls on the whole Surface of the 
Objea-Glaſs. 7 8 5 
3. The third Sort of Teleſcope is that in common Uſe for 
viewing Land- Objects; and conſiſts of one Object-Glaſs AH 
Hg. XX. as above) and three Eye Glaſſes, all of the ſame Fe. 
cus, as B, C, D. Hence 'tis plain this is the ſame with 
the foregoing Teleſcope, only with the Addition of the two 
Eye-Glaſſes Cand D; for whereas the Object was before in- 
verted in the Focus K, by adding the Glaſs C it will be again 
made ered in its Focus O, and will ſo appear to an Eye, I, 
laced behind the third Glaſs D, if the Focus both of C and D 
made to fall on the ſame Point O. This Teleſcope then 
ſhews Objects ere, and is in other ReſpeRs the ſame as the laſt 
foregoing, See Note , in Page 22. | | 
4. The fourth Sort of Teleſcope is that lately invented by 
Sir I/aac Newton, call'd the Refledting or Catadioptric Teleſcope. 
This conſiſts of a Tube ABCD, 2, 3 or 4 Foot long (Fig. XXI. 
of Plate III. fronting p. 62.) which is open at the End towards 
the Object CD, and at the other End is placed a concave Me- 
talline Mirrour as AB, perforated thro' the middle at e: at a 
proper Diſtance is placed another ſmall concave Mirrour E {in 
the Axis of the Tube) which is ſupported by the Stem or Foot 
F. The two Mirrours are ſo diſpoſed that the Focus of each 
may fall on the common Point þ between them; then the Image 
of any Object entering the Tube, as a b, and folling on the large 
Mirrour AB in the Points 4 c, is from thence reflected between 
the Rays d h and c h to the Focus 2, where the Rays croſſing, 
invert. the Image as at 1; and this Image being now alſo in 
the Focus of the Mirrour E, after falling thereon in the Points 
R 


1 
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A. In what Manner or Order is this? 
9 B. The 


Hg, it will be reflefed from thence back again in parallel Rays, 
which paſs thro' the Hole # of the great Mirrour, and falling on 
a Convex Lens at G, do again croſs each other in its Focus m, 
and there repreſent the Image ere# to be view'd by an Eye I, 
thro' the Eye-Glaſs H, whoſe Focus is alſo in m. 

F. This Teleſcope magnifies the Diameters of Objects in the 
Proportion of the Focal Diſtance of the Object Mirrours to the 
Fecal Maa of the Eye-Glaſs, as do the other Teleſcopes ; but 
in this, by Reaſon of the Reflection of Rays, an Eye-Glaſs with 
2 much ſhorter Focus may be uſed than in the common ones by i 
Refra&ion ; and therefore a Reflecting Teleſcope of 6 Feet in 
length will magnify an Object as much as a 8 100 
Foot long; on which Account they are now in much Eſteem, 
tho' there be many Difficulties in them alſo. 

6. If the Focal Diſtance of the Obje&-Glaſs or Mirrour (in 
any Teleſcope) be 50 Inches, and that of the Eye-Glafs one 
Inch; then will the Diameter of a ditiant Object be magnified 

o times; the Surface 2 500 times; and the Solidity or whole 
y 125000 times. 
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v. Of the CAMERA OBSCURA. 


| 1, The Camera Ol/cura, or Dark Chamber, is nothing but 
a Chamber, Room, or Box darken'd, and a Convex Lens fix'd 
in a Hole made in one Side thereof as at C (Fig. XXII. of Plate 
III. fronting þ. 62.) thro? this Lens any Object before it without, 
as AB, a Tree fot Inſtance, will have its Image carried thro? the 
Lens between the Rays AC and BC; which proceed to the o- 
ther Side of the Room (ſuppoſed to be at the Focal Diſtance of 
the Lens C) where they paint the Image of the Object in the i 
molt lively Colours, far beyond the Imitation of the beſt con- 
ducted Pencil in regard of Colouring, and with reſpect to the 
Motion of — Part moved in the Object; this is allowed ſuch 
an inimitable Perfection as is peculiar to Nature's Painting only. 
Indeed the Image 2 þ is inverted, and is in Proportion to the 
Object, as its Diſtance Cd from the Glaſs, to the Diſtance DC 
of the Object. £ | 
2. If the Object be placed at the Diſtance of twice the Ra- 
dius of the Convexity of the Lens, the Image ſhall be exactly 
as big as the Object. Note, I here ſuppoſe the Lens C to be 
doubly and equally Convex. The only time for making a dark 
Chamber, is when the Sun ſhines; for unleſs the Objects are 
ſtrongly enlighten'd, the Picture will be obſcure and little worth. 
The S4z-Optric Ball, with its Glaſſes, is moſt commonly and 
conveniently uſed for this Purpoſe, 
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B. The Law of Reflection of Light is in- 
variable; for the Angle aBc, of the incident 
Ray aB, is ever equal to the Angle cBd, of the 
reflected Ray Bd, and the Perpendicular cB, 
See Fig. IX. of Plate IV. fronting p. 70. 
A. What do you mean by the Refrangibili- 
ty of Light? | 
B. The Diſpoſition of the Rays of Ligbt to 
be refracted, or broken out of their direct 
Courſe, in paſſing through one tranſparent 
Body or Medium into another: Thus the Ray 
aB, paſſing through the Medium of Air to B, 
and there ſtriking on the Surface of Water 
AC, is refracted or broken out of its direct 
Courſe BE, into another BF, towards the Per- 
pendicular BG, See Fig. X. of Plate IV. front- 
ing p. 70. | | 
A. Doth the Refrangibility of Rays alſo ob- 
ſerve any ſtated Law or Order ? 
B. Yes: For the Line HI, of the Angleof 
Incidence CBH, is always in the fame Propor- 


tion to the Line MF=IK, of the Angle of Re- 


VI. The MAGIC LANTHORYN, 


After all that has been ſaid in this Note, it is eaſy from a bare 
InſpeQion of Fig. XXIII. of Plate III. fronting p. 62. to uuder- 
ſtand the Reaſon of the Effects of a Magic Lanthorn. Let 
ABDE be a Section thereof, C a Candle placed therein, F a 
large Convex or Hemiſpheric Lens, which ſtrongly illuminates 
the inverted Pictures in the Plate GH ; the Light coming from 
any one of theſe, as a, is, in paſſing through the Lens LM, 
made to ſpread and diverge very much, and conſequently to paint 
a very large Image AB on the Wall, or any Thing in the r ocus 
of thoſe Rays. If this Image be a G, the Devil, &c. it ap- 
pears very terrible and ſurprizing to the Spectators who are unac- 
quainted with the Nature of Dioptric Machines. | 
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fraction GBF; as 4 to 3 in Water; and as 17 
to 11 in Glaſs. See Fig. X. of Plate IV. front- 


ing p. 70 *. h YA 
A. What may we learn by this Doctrine of 


the Reflection of Light ? | 
B. The Reaſon why Objects appear juſt as 
far behind any Plane Speculum, or Looking- 
Glaſs, as they really are before it, and the ſame 
Way: Thus, ſuppoſe AC the Section of a Look- 
ing-Glaſs, tis plain any Object placed before it 
at a, as the Arrow, will appear juſt ſo far behind 
the Glaſs AB as E, and directed to the fame 


* The Proof of this by Experiment is eaſy, and may be as 
follows. Let ABD be a Semicircle (Fig. XXIV. of Plate III. 
fronting p. 62) large and duly graduated ; C the Center thereof, 
before which is to be placed a Priſm of Glaſs, repreſented by 
pr, the upper Plane or Side of which pr muſt be fixed parallel 
to the Horizon, or to AD. Suppoſe the Angle of the Priſm 
par be 60 Degrees, then will the Angle pt be 30. Let Ic be 
a Ray incident on the Priſm in the Point a, if this Incidence be 
ſuch, that the Ray entering the Medium of Glaſs be refracted 
into the Direction af, parallel to the Horizon AD, it ſhall e- 
merge out of the Glaſs into the Air in the Direction CR, makin 
the Angle RCD equal to the Angle ICA. Now in order to find 9 
this Angle, draw through à the Line 5 perpendicular to the 
Side of the Priſm pr, and alto g 4 parallel to the Horizon Abo- 
then ſhall the Angle & ad be the Angle of Refraction in the Priſm 
as required, which is known as being equal to the Angle p 5 or 
30 Degrees; therefore if the Ratio of the Sine of Incidence be to 
that of Refraciion as 17 to 11, out of Air into Glaſs, it will be, 
as 11 is to 17 ſo is the Sine of bad= 30? to the Sine of Inci- 
dence La = 4, nearly; from which take g a H. zo, there 
will remain ga I equal to ICA 200 45”; and ſince any Object 
at I under the Angle 20? 45 does actually appear to an Eye at R 
under the ſame Angle, it proves the Truth of the ſaid Ratio. 
And this always will be the Caſe, be the Angle of the Priſm what 
it will. | | 

If the Figure p were an hollow Glaſs Priſm, this filled with 
various Sorts of pellucid Liquors would exactly ſhew the different 
refractive Powers of thoſe Liquors. Alſo, a Piece of Looking- 
Glaſs placed horizontally at C, ſhews the Apgle of Incidence ICA 
is equal to the Angle of Reflection RC. 
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Of the Refradtion of Light. 69 


Point in the Glaſs B: For all Objects appear in 
that Ray Ed, that meets the Eye in d, be it 


any how reflected or retracted, See Fig. IX. 


of Plate IV. fronting p. 70. 


A. And are our Eyes thus deceived by the 
Refraction of Light ? 
B. Beyond your Imagination, I believe. 


A. Aye, indeed! Pray oblige me with an 


Example how, and in what Ref] 
B. I will; and that by a very 3 Expe- 
riment: Suppoſe AGHB be a Veſſel, whoſe 


Length GH is 56 Inches ; let any Object, as a 
Half-Crown, be placed exactly in the Middle 


thereof at F; then let the Veſſel be filled with 
Water to the Height CD, 24 Inches; let FP 
be a Ray of Ligbt paſſing from the Object P 


to P, but there meeting with the Air, is re- 
fracted towards N, and becomes PN. Now 


tis evident an Eye placed in N, cannot, by any. 
Means, fee the Object F (for the Sight is inter- 
rupted by the Side of the Yeſſel at e) before the 
Water is poured into the 7 after it is 
poured in, the Eye at N will indeed fee the 
Object F, yet not in its true Place at F, but in 


another; diſtant 15 4 Inches at E; alſo to an 
Eye placed perpendicular over the Object F, 


it will appear to be in O, and the whole Bot- 


tom of the Yeſſel will ſeem elevated to IK, the 
Height of FO, 11 Inches. See Fg. XI. of 


Plate IV. fronting p. 70. 

A. Well, tis very wonderful, as well as di- 
verting and improving, to ſee and confider of 
theſe Things: I could not, indeed, have 
e that Things placed ſo far out of Sight 
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could thus be made viſible ; and that we ſhould 
behold them in Places ſo far diſtant and diffe- 
rent from the true: Tis well we have Reaſon 
to guide us, for I perceive our moſt n 
Senſes are fallible, and often deceiv d, 


B. Iis true, our Senſes are liable to Decep 


tion, and 'tis well for us in many Caſes they 
are; for as J go on, I ſhall often ſhe you the 
Advantages which accrue to us thereby, and 
from the Cauſes thereof; particularly the Re- 
flection and Refraction of Li ght. 

A. How came Bodies brit of all to be en- 
dued with this wonderful Property of Light? 

B. By the omnipotent Fiat of the great 
Creator; he ſaid m , E/to Lux, let there 


be Light, and immediately there was Light; 


and the ſtupendous Body of the Sun. was cre- 
ated, as it were a Repofifory or Store-Houſe 
thereof, whence it was to be diſtributed to e- 
very Part of the planetary Syſtem, in order to 
make the Whole viſible, and uſeful to the vas 
rious Inhabitants thereof, 

A, Can you give any Account of the Small. 
neſs of the Particles of Light? 


B. Ves: It is computed, that in a Second of 
a Minute, there flies out of a burning Candle 


the following Number of Partieles I Light, 


41866 000000000000000C00000600000G6000000000000, 
which is 10 ooo ooo ooo, or ten millions 


of millions Times a bigger Number than 


100 oo O0οο 3 


the Number of the Grains of Sand, computed 


to be contained in the whole Earth +: 
b See the Calculation in NMerreng:'s Relig. Philoſopher. 
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CHAP. VII. 


| Of the CorLovss of Li chr, aud natu- 
ral Bop Es. | 


A. OW, if you pleaſe, Sir, let us turn 
our Diſcourſe to the Phenomena of 

Colour : And firſt, be pleaſed to define what 
Colour is? | | 
B. Golour is that which ariſeth from a cer- 
tain Quality of Bodies, whereby they are diſ- 
poſed ſo to modify and-refle& the Light fall- 
ing on them, and ſtriking on the Organ of 
Sight, as thereby to occaſion or produce the 
Senſation of Colour in our Minds: And that 
Senſation in us is alſo called Colour. 

A. Whence is the Original of Colours? 

B. All the Colouring in the Univerſe proceeds 
originally from the Rays of Light; for in them 
are contained all the primary, original, and ab- 
ſolutely pure and unmixed Colours * ? 
| A, Which, 


* Des Cartes pretended that Colours reſulted from the Relation 
of the direct and circular Motion of Etherial Globules ; if the 
Direct be ſlower than the other, Red is produced ; if moxe rapid, 
Violet; and the others between theſe Extremes accordingly. 

Dr. Hooke ſuppoſed they conſiſted in the Obliquity of the Pulſes 
of the Etherial Matter, Malbranch made them the Effect of Vi- 
brations of Light, more or leſs quick. Regnault has a particu- 
lar Hypotheſis on this Head in his Phil. Converſations, Vol. II. 
Page 391, remarkable for Nothing but Novelty, and the Pre- 


ſumption of the Author, The great Barrow imagined that Co- 
| E 4 lours 
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A. Which, and how many, are thoſe pri- 
mary and original Colours? 7 

B. Thoſe which follow : 1 Red, 2 Orange, 
3 Yellow, 4 Green, 5 Blue, 6 Indigo, 7 Violet. 

A. How are thoſe Colours diſcerned and 
diſtinguiſhed in the Rays of Light ? 

B. By Means of the different Degrees of its 
Refrangibility ; for thoſe Rays which are leaſt 
refrangible, are tinctured with Red, and paint 
that Colour on Bodies; and thoſe which are 
moſt refrangible, are violet Purple, and paint 
Bodies therewith ; and the intermediate Degrees 
of refrangible Rays, are dyed with the inter- 
mediate Colours, in the Order before-men- 
tioned T7. EL: | | 

A. By what Experiment do you prove this 
Doctrine ?. | . 

B. By this eaſy one following : In a Cham- 
ber made dark, make an oblong Hole in the 
Window-Shutter at F, about + of an Inch in 
Breadth, through which will enter the Sun 
Beam FH ; and a large Priſm ABC, placed at 
about 20 Feet from the Hole, will refra& the 
Rays of this Beam ; after which they will a- 
gain unite, and become a white Beam at H, 


Jours confiſted in a conſtipated and rare Light. But Sir 1/aac 
Nexuten has ſhewn the Errors of Hypotheſes about Colours; and 
proves the Truth of his own new Doctrine by undeniable Expe- 
riments. | 

+ Light is ſuppoſed to be more or leſs reflexible or refran- 
gible as the Particles thereof are of a lefſer or greater Magnitude ; 
the Particles of Red Light being the greateſt, and thoſe of Violet 
the leaſt of all others; theſe, therefore, excite the leaſt, and thoſe 
the largeſt Vibrations in the Opzic Nerve, which occaſion different 
Senſations, 


* 


where 


ed a Dt OR Os 2. 2. +» ls | 
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where let be applied an opake Body GHI, at 
the Diſtance of 2 or 3 Feet from the Priſm, 
in which let there be an oblong Hole made at 


H, „ or z; of an Inch in Breadth, through 
which the white Part of the Beam being tranſ- 


mitted, and made to fall on a Piece of white 
Paper placed after, will there paint the primi- 
tive original Colours of Light ; ſuppoſe Red at t, 
Yellow at s, Green at r, Blue at q, and Violet at P. 
Ng. XII. of Plate VIII. fronting p. 120. 
A. Very good, and what is the Conſequence 
of all this? | | . 
B. Why then, with a Piece of Wire R, (or 
any opake Thing about ; of an Inch thick) 
you may, by intercepting the Rays at k, I, m, n, 
o, take away any one of the Colours at t, s, r, q, 


or P, whilſt the other Colours remain as before. 
A. What do we learn by this Experiment? 


B. Firſt, That the Rays of Light paint na- 
tural Bodies with different Colours. Secondly, 
That the leaſt refrangible Rays, as t, paint 


Ned; and the moſt refrangible ones, as P, paint 


the deepeſt Violet Purple; and that other inter- 
mediate refrangible Rays paint the other inter- 
mediate Colours. Thirdly, That thoſe Differ- 
ences of Colour are abſolutely and really exiſt- 
ing in the Rays of Light, and do not ariſe from 
the different Confines of Shadow, variouſly mo- 
difying the Light, as has hitherto been the O- 
pinion of Philoſophers. | | 

A. I think it ſeems from hence, as if you 
would infinuate, that Colours are not connate 


with Bodies, or naturally in them, but painted 


on them by the Rays of Light. 
B. Tis 
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B. Tis very true: Colours only are in the 
Rays of Light, not in Bodies; and all Bodies 
are of the ſame Hue in the Dark, and appear 
differently coloured only by, and in the Ligbt. 

A. Strange Doctrine this ! I am apt to think 
you'll perſuade very few that Colours are not in 
Bodies, when they conſtantly ſee all around 
them tinged with ſuch an agreeable Variety, 

B. If they will not be convinced by Reaſon 
and Experience, they muſt remain ignorant, 
and till poſſeſs their Prejudices and Errors. 

A. But, according to this Notion of Colours, 
how comes it to paſs that ſome Bodies are all 
of one Colour, ſome all of another, and ſome 
of ſo many different Colours ? 

B. This is eaſily conceived ; for the Matter 
of ſome Bodies univerſally reflects one Sort of 
Rays more copiouſly than another ; and accord- 
ing to the Refrangibility of thoſe Rays ate the 
Bodies coloured: Thus Minium reflects the leaſt 
refrangible Rays moſt copiouſly, and thence ap- 
pears Red: Violets reflect the moſt refrangible 
Rays, and thence have their Colour ; and ſo of 
their intermediate Degrees : Again, the Matter 
of ſome Bodies is ſuch as reflects different re- 
frangible Rays; and therefore is in various Parts 
of various Colours J. | . 

ö A. Pray, 


} The Colours of natural Bodies are of two Sorts. (f.) Va- 
riable, which change and differ according to the Situation of the 
Eye, as in Sz/ks, Satins, and the Tails of Peacocks, &c. (2.) 
Permanent, which are always the ſame and never vary; to un- 
derſtand the Reaſon of both which, it is neceſſary to premiſe the 


following Things. ä 
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+ Of the Nature and Order of Colours, 75 
4 Pray, Sir, what can be the Meaning that 
e and Black are not reckoned among the 
iar Colours of Light ? . 
=_  —-- | B. Becauſe 
A | 


Firft, That Rays of Light by means of a thin tranſparent Plate 
rr, Vater, or Glass, &c. are ſeparated from one another; 
ad according to the different Thickneſs of the Plate, the Rays 
er ſome Colours are tranſmitted, and thoſe of others are re- 


_ S:c-dy, Sueh a very thin Plate is of a different Colour when 
{cn by the tranſmitted Rays, from that which it is tinged with 
= when ſeen by reflected Nahe. 5 | 

Thirdly, To prove this the uſual Experiment is to take a Plano- 
convex Glaſs (whoſe Convex Surface is the Segment of a very 
large Sphere). as A. (H. XXV. of Plate V. fronting p. 75.) lay 
this with its Cohvex Surface on a plain Piece of Glaſs B, and 
compreſſing them together, there will appear, in the Point where 
they touch, a dark central Spot, and about it various coloured 


; Circles, as repreſented within COO. | 
= Four:hly, The Glaſſes thus compreſs'd being placed under a 
Microſcope, the Colours of the ſeveral Circles may be clearly and 


largely viewed, and the Breadth of each, as alſo the Diftances 
of thoſe Circles, may be accurately meafured (by a Micrometer 
fitted to a Microſcope) to the 100004h Part of an Inch. 

Fifthly, To find the Thickneſs of the Plate of Air between 
the Glaſſes at the Periphery of any coloured Ring, ſay — As the 


Diameter of the Glaſs's Convexity is to the Semidiameter of any 


King, ſo is that Semidiameter to the Thickneſs of the Plate of 
Air at its Periphery. Suppoſe the Diameter of the Sphere the Glaſs 

was ground to were 12 Feet, or 144 Inches, and the Semidiameter 
of the Circle of an Inch; then 144: 55: : 8: 55455, there- 
Tizes Part of an Inch, © 3 

Sixthly, the Colours of the Circles ſeen by the refleded Light, 
are much more vivid and diſtinct than thoſe ſeen by tranſmitted 
Light, which are faint and more dilute. . + 

Seventhly, The Rings made by Reflection are differently co- 
loured from thoſe made by the Tranſmiffion of Light; ite, 
in the latter Caſe, will be oppoſed to Black in the former; Red 
5 Blue, Yellow to Violet, and Green to a Compound of Red and 

reen. . | 

Eighthly, The more obliquely the Rings are viewed in either 
Caſe, the Jarger they appear by much ; nor do they follow the 
fimple Proportion of the Obliquity of the View; but as this in- 
creaſes, the Circles ſwell and dilate themſelves much more. 

| : 64 Ninthly, 


fore the Thickneſs of the Plate where that Circle is formed ia 
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76 The Pa1Los0PH ICAL GRAMMAR, 
B. Becauſe White is ſo far from being a 
pure, ſimple, original Colour, that, on the con- 


trary, 


Ninthly, The farther the Circles are from the Center, the leſſer 
and fainter their Colours appear ; the fifth or ſixth, 1s the laſt 
which appears diſtinct; though I have obſerved a faint Skim of 
Circles to the Number of 11 or 12, in the light Air. | 


Tenthly, Water applied to the Edges of the Glaſs, is attraded 


between them, and filling all the Interſtice, is made to conſtitute M 


as thin a Plate of Water as before there was of Air. | 
Elwenthiy, The Water approaching the coloured Circles in 
the Plate of Air, does in a great meaſure deſtroy the Brightneſs 
of the Colours, leſſen the Number of the Rings, and contracts 
their Peripheries in the Proportion of 7 to 8, nearly. 
 Taelfthly, Bubbles blown up in Soap Water exhibit the like 
Appearance of coloured Rings, brighter towards the Top where 
the Bubble is thinner ; but towards the Bottom, where the Water 
running down makes the Bubble thicker, the Rings and Colours 
gradually become more faint and obſcure, till at laſt they quite 


diſappear. 
7h; 


recenthly, Thin Plates of Muſcovy Glaſs ſhews Rings of I 


Colours alſo, but if they are wetted with Water, the Colours 
nmr more faint and languid, though they vary not in their 
cies. 

| — Light incident on thin Plates of Air, Water, or 
Glaſs, is diſpoſed, according to the different hickneſſes thereof, 
to be either tranſmitted or reflected; where the Thickneſſes are 
as the Numbers 1, 3, 5, 7, 9, Cc. the Rays are diſpoſed to be 
reflected, and tranſmitted at the Thickneſſes expreſſed by the 
Numbers o, 2, 4, 6, 8, 10, &c. And this Action or Diſpoſition 
of Rays, in its Propagation, intermitting and returning by equal 
Intervals (as here ſpecified) for innumerable Viciffitudes, occa- 
fioned Sir {aac Newton to ſay —— they were then in Fits of eafy 
Reflection, or in Fits of eaſy Tranſmiſſien. 3 

Theſe Obſervations afford the following Concluſions concern - 
ing the Colours of natural Bodies. 

1. The Particles of all Bodies conſiſt of very thin Plates, or 
Laminæ of Matter, in themſelves clear and pellucid ; this in 
ſome Meaſure is evident by viewing the Particles of dry Earth, 

or Sand, with a Microſcope. 

2. Theſe very thin Plates do reflect or tranſmit Light incident 
upon them, and thereby become coloured. 

3. The Colours of Plates depend on their Thickneſs and Len- 
fity, and not on the encompaſſing Medium. 


4. The 


» 
a > 
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trary, tis a Mixture of all thoſe ſeyen original 
Colours together; or a Compoſition of Colours, 
even all the Colours in Nature: And on the o- 


ther Hand, Black is properly no Colour at all, 


being only the Hue of thoſe Bodies whoſe 
Subſtance abſorbeth all the Rays of Light, and 
therefore by reflecting none, cannot, of Con- 
ſequence, be coloured at all. | | 
A. Then thoſe Bodies which appear White, 
I apprehend, are ſo by reffecting promiſcuouſl 
all the Rays of Light which fall on them“. 
B. Yes, they are ſo. I have one Thing 
more very curious on this Head of Colours to 
relate to you, and then, if yoa pleaſe, we will 
make a Tranſition to another Subject. 


4. The thinner the Plate, the more vivid the Colours. 

5. The more the Thickneſs of a Plate is increaſed, the more 
Colours it reflects, and different ones. 

6. The Colour of ſome Plates will vary by changing the Poſi- 
tion of the Eye, while others remain always the ſame. 

7. The thickeſt Plates reflect the red Rays, and the thinneſt 
the Violet-coloured ones. 

8. The denſer the Medium encompaſſing the Plates, or which 
fills the Pores of Bodies, the more obſcure and darker are the 
Colours. | 
9. All Bodies appear of ſuch a Colour as ariſes from the Mix- 
ture of refleQed Rays. 

10. The more ſimple and vivid the Colours, the leſſer and 
— denſe are the conſtituent Particles or Plates of natural 

odies. | | | 

For a larger Account of theſe Things, ſee Sir 1/aac Newton's 
Optics, Book II. Grawe/ande's Elements, Vol II. Lib. 3. Chap. 
22, 23. Moſter's Prin. of Nat. Philoſophy, Page 239 to 252. 
Harris's Lex under the Word Colour, c. 

* Thus Sir //aac proved by ſeveral Experiments (beſides bare 
Reaſoning) in mixing coloured Lights, and coloured Powders in 
proper Proportions; for the Compoſition was of as perfect a 


W hiteneſs as any in Nature: As may be ſeen at large in his 


Optics, Book I. Part II. Prop. 5. 
| A. Pray, 
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78 The PHILOSOPHICAL GRAMMAR, 
A. Pray, what is that? J long to know, bee 
ing raviſhed with theſe natural Curioſities. 
B. It is this: Sir aac Newton, by Experi- 
ments, hath found that the Colours of Light, 
with Reſpect to their Quantity, were in Pro- 
portion to the ſeven mufical Notes, or Interval 
of Sound, contained in an Octave, viz, Sol, la, 


fa, Sol, 'la, mi, fa, Sol. Fig. XIII. of Plate 


VIII. fronting p. 120. 
A. A Diſcovery indeed! ſure the happieſt 


Man that ever lived for Experiment, What! 


muſical Harmony in Colours ! 

B. Yes, he diſcovered it thus: He cauſed a 
Sun Beam to be largely refracted on the Side 
of a dark Chamber, which produced the 
Spectrum of Colours, repreſented by ABCDEF; 
in which he cauſed an Aſſiſtant exactly to mark 


the Confines of each Colour, by drawing paral- 


lel Lines betwixt each, as am, bi, ck, Sc. and 
thus the Spaces V, I, B, G, Y, O, R, repre- 
ſent the Quantity of the reſpective Colours, 
viz, Violet, Indigo, Blue, Green, Yellow, O- 
range, and Red: And upon a nice Examina- 
tion, he found the parallel Sides of the Spec- 


trum AF and CD, to be divided in the Points 


a, b, c, d, &c. juſt i in the Proportion as a mu- 
ſical Chord is divided for the Concords of an 
Octave, viz. as the Intervals of theſe Numbers, 


I. 5. 8. 4 3.4. . f. 3 
A. This 


+ See Sir Jraac' s Optics, Book I. Part II. Prop. 3. where 
you have not only the Original of this excellent Diſcovery, but 
alſo a Method deduced from thence to determine of the Sines of 
Refraction proper to each of thoſe Colours. For when the Sine 
of Incidence was 50, he found the Sine of Refraction for 5 
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Of the nuſical Harmony of Colours, 79 
'A, This would induce one to think there 


| were ſome Kind of Relation between Mufic 


and Colours ; ſince it hence appears, that in 
Nature, the pleaſtng Notes of the one, and 
the Quantities of the other, are in the ſame 
Proportion, and both deſigned to delight and 


pleaſe Mankind, and ſooth the Cares of Life. 


B. One Thing more I muſt remind you of, 
and that is this: Some Perſons tell us Colours 
are tangible Qualities, and may be diſtinguiſh= 
ed by Feeling, and give an Inſtance of one that 
could and did do it: But this is certainly im- 


- poſſible to do naturally; and therefore if any 


one ever did do it, he muſt have a miraculous 


; | Gift of Feeling 7. f 


leaſt refrangible, or reddeſt Rays was 77 3 and for thoſe which 
were moſt ſo, or deepeſt Violet, was 78 ; and for the interme- 
diate Colours he-found | 


Rd : | 77 to 775 
| Orange | | 778 to 775 
The Yellow þ ! 774 to 775 


\ Green ' > Rays extended from 4 774 to 775 
335 77 to 774 
Indigo | | 774 to 778 
Violet L 775 to 78 . 
Mr. Derham, in his Phy{ca-Theology, (Page 144) aflerts - 
that Colours may be diſtinguiſhed by the 4 ouch, or Senſe of Feel. 
ing; and to confirm this, relates a Story (from Grimald. de Lum. 
Cel. pr. 43. F. 59.) of one at the Court of the Duke of 72. 
cany, who, on a Piece of Silk uniformly woven, and tinged 
with many Colours, being offered to him, did truly, by that 
Senſe only, judge of the Colours of every Part. But ſince 
Colours are but Qualities, and no material Eſſences, I cannot be 


Sines o 


induced to believe this extraordinary Perſon could diſcern Co- 


lours meerly as ſuch by Feeling, but rather from ſome ſmall 
Differences in the Surface of ' Silks and other Bodies tinged with 
various Colours, and occaſioned thereby; which is a I hing that 
not only he, but many who deal in dyed Commodities have been 


able to do allo, . | 
CHAP. 


( "1 
CHAP. VII. 
Of SouND. 


B. TJ ET us next entertain ourſelves with a 
Conſideration of the Nature and Pro- 


perty of Sound; for this is no barren Part of E 


Nature, - nor a uſeleſs Speculation, the Curious 
know. _. | 3 
A. Come on then, Sir, If you are not tired, 
I never ſhall with theſe noble Diſquiſitions and 


Enquiries ; and pray tell me firſt, Wherein Sound 


doth conſiſt? _ AE 
B. Sound is the undulatory or wave-like Mo- 


tion of the Air, ariſing from the tremulbus Mo- 


tion of the Parts of any Body, occaſioned by a 
Stroke; and thoſe Undulations or Pulſes of the 
Air beating on the Tympanum, or Drum of our 
Ears, convey, by the Nerves, this Senſation to 
our Minds *. OOTY 

A. How doth it happen that one and the 
ſame Sound may be heard by ſo many at once, 
and in different Places ? 


* Let AB be a String ſtrained and fixed at the Ends A and B: 
and then let it be drawn out of its natural Poſition AB into an- 
other ACB; if then it be let go, it will by its Elaſticity not only 
fly back again to its firſt Poſition AB, but into another ADB, 
which is ſo far above AB, as ACB was below it ; after this, it 
will return again almoſt to C, and then return almoſt to D; and 
theſe Courſes and Recourſes of the String growing leſſer and leſſer 
above and below AB, it will at laſt ſettle into its firſt and natural 
Poſition, and be again at Reſt. And this is what is called the 
Vibration of a Chord or String drawn tight and ſtruck, as in mu- 
fical Inſtruments. See Fig. XXVI. of Plate V. fronting p. 75. 


B. Becauſe 
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B. Becauſe the Vibrations and Tremors of 
the Air, excited by the Percuſſion of any Bo- 
dy, are propagated i in concentric Spheres all a- 
round the ſaid Body (which is their common 
Center) to very great Diſtances ; and therefore 
let a Perſon be any how, or any where ſituated 
within the Verge of thoſe Motions, he will 
equally hear the Sound, at equal Diſtances from 
the Body whence it comes: See Fig. XIV. of 
Plate VIII. fronting p. 120, where DD repre- 
ſents a Drum, and PD, 1, 2, 3, 4, 5, Sc. the cir- 
= cular Pulſes of the Air made by, and convey- 
ing the Sound of the Beats to our Ears T. 

A. How is it to be proved, that Air is thus 
the Medium of Sound? 

B. By the Experiment of a Bell in the Re- 
ceiver in an n Air- Pump, which, before the Air 


8 
2 
875 


+ As there is a manifeſt Agreement between Light and 
Sound in many Particulars, ſo it is moſt of all conſiderable in 
Reflection from hard Bodies. For as Light is rendered more 
intenſely bright and hot, by being reflected from the concave 
Surfaces of Mirrours to a certain Point, (wiz. the Focus) where 
the Rays are crouded into a leſſer Space; ſo Sound being uttered 
within a long and narrow Space, as that of the Szentorophonic 
Tube, or ſpeaking Trumpet, is continually reflected and re- 
verberated from the curv'd Sides into the Axis, whereby it be- 
comes more intenſe and ſtrong at its Exit, is conſequently much 
louder, and may be heard much farther than it could be other- 
wiſe. 

Thus alſo, if a ſmall Sound or Whiſper be uttered at one Side 
of a large Dome, or concave Hemiſphere, (as at the Whiſpering 
Gallery at St. Paul's) ſuppoſe at the Point A, Fig XXV. of 
Plate V. fronting p. 75.) then ſhall all the Sound ſtriking againſt 
the whole hemiſpheric Concave, be refleted to the Points 
B, B, B, &c. and from thence to C, C, C, &c. and, after ſeve- 
ral ſuch Reflections, will all be united i in the oppoſite P; where 
the Sound will be much more ſtrong, loud, and audible than 
at any other Point in the whole Dome or Concave. See Clare's 
Motion of Fluids, Page 341. 


18 
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is exhauſted, may be heard to a conſiderable 
Diſtance ; but when exhauſted, can ſcarcely be 
heard at the neareſt Diſtance . Vo 
A. What Velocity of Motion hath Sound? 
B. Very great, but not near ſo great as that 
of Light: Mr. Derham has found by Experi- 
ment that the mean Velocity of Sounds is at the 
Rate of 1142 Feet in one Second of Time, 
or a Mile in 4 Seconds; and therefore would 
take up 17 + Years in paſſing from the Earth 
to the Sun, which is near double the Velocity 
of a Bullet, at his firſt Diſcharge from the 
Cannon *. 


tf This Experiment ſhews alſo, that Sounds are augmented 


or diminiſhed proportionally as the Air is condenſed or rarified. 


'Thus it is known Sounds are weaker on the Tops of high Moun- 
tains, where the Air is more rare, than in low Vallies, where 


it is more condenſed by the Weight of the ſuperincumbent At. 


moſphere. See Varen. Geog. Gen. L. 1. cap. 19. Prop. ult. 


* {Sir J/aac Newton, 968} 
| The Hon. Mr. Fr, Roberts 1300- 
2 | Mr. Boyle 1200 
Dr. Walker 1338 (Feet in a Se- 


Mer ſennus | | 1474 { cond of Time, 
[Th Florentine Academy | 1148 | 


Accord 


The French Royal Academy | 1172 
Flamſtead, Halley, Derham, | 1142) 
But the Reader may depend on the laſt, viz. 1142, as very 
Juſt for a mean Rate of Velocity. 
Several good Uſes may be made of the Knowledge of the 


Velocity of Sound. Thus by it we can eaſily meaſure the Di- 
ſtance of the Clouds producing Thunder and Lightning; for ſup- 


poſe from the Moment we obſerve the Flafh to the Moment we 
hear the Stroke of Thunder, we number 4 Seconds, then it is 
plain the Sound has come 4 times 1142, 1 e. 4568 Feet, or 
fomewhat above + of a Mile; and fo far diſtant is the Cloud. 
In like manner the Diſtance of Ships on the Sea, Ic. is known 
by Firing of Guns. | 
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A. Can you certainly tell, how far Sounds 
may be heard ? 2 | 
B. Indeed this is a Matter not altogether 
certain; but there are Reports of Sounds (as 
the Exploſions of great Guns, Fc.) which 
have been heard to the Diſtance of 180 or 200 
Miles F. | 

A. Doth not the Wind greatly obſtruct the 
Motion of Sound ? ns 

B. No, not ſo much as one would imagine; 
tho' there is ſome ſmall Difference in the Ve- 
hcity of Sound, with or againſt the Wind ; but 
Sound is greatly augmented or diminiſhed by 
the Strength or Weakneſs of the Wind. 

A. Is there any Difference in the Motion 
of great or ſmall Sounds ? 

B. Mr. Derham ſays, none at all; whether 
they be loud or languid, of Bells, Guns, &c. 
great or ſmall, or any other ſonorous Body. 


A. How. do you eſtimate the Greatneſs or 


Intenſity of Sound? | 


+ Mr Clare ſays a Gentleman of great Veracity, who had 
lived ſome Years at Gibraltar, affirm'd to him, that he has at 
O17 Gibraltar heard the Watch- Word of the Night, (viz. Als 
Mell,) given by the Centinel to the Patroll on the Ramparts of 
New Gibraltar, in a ſtill ſerene Night, and the Water perfectly 
ſmooth, and that as plain and diſtinctly, he thought, as he 


ſhould have done had he been on the Rampart himſelf. The 
Bay between the two Places he judged to be about three Span 


Leagues over, or above 10 Miles and a half. Motion of Fluids, 
Page 343, 344. Derham's Phyſico-Theol. L. 4. Chap. 3. 
Note 27, where he tells us from Dr. Hearn, that Guns fired at 
Stockholm in 1685 were heard 180 Engli Miles; and in the 
Dutch War 1672, the Guns were heard above 200 Miles. See 
alſo his curious Experiments on Sound in the Phil. Tranſactions, 
Ns zoo, and Harris's Lex. under the Word Sead. | 
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84 The PHILOSOPHICAL GRAMMAR, 
B. That, Sir, is always as the Space paſſed 

through by the Particles of undulating Air, in 

their paſſive Motion backward and forward 4. 

A. What further have you to obſerve con- 
cerning the Motion of Suns? 

B. They fly equal Spaces in equal Times, 
and nothing but the Wind can accelerate or 
retard them; not the Differences of Day or 
Night, Summer or Winter, Heat or Cold, Wea- 
ther cloudy or clear, the Air heavy or light, 
8 1 

A. Pray, Sir, tell me the Reaſon why, after 
the Stroke, the Sound of ſome Bodies, as Bells, 
the Strings of muſical Inſtruments, &c, con- 
tinues ſo long, but weaker and weaker ? 

B. The Sound of Bodies endures in Propor- 
tion to the Number of Vibrations made there- 
in by the Szroke, each Vibration producing a 
Wave 1n the Air, and each Wave repeating the 
Sound; but ſtill more and more faint, as the 
Vibrations are leſs and leſs, till they entirely 
ceaſe: This is eaſy to be obſerved by the Ear 
in Bells, and by the Eye in a String under 
Tenſion. | | 

A. There is one Thing more J had almoſt 
forgot to enquire the Reaſon. of, tho' I gueſs 


+ In a warm and rarified Air, whoſe Elaſticity is therefore 
ſmall, the Strength or Intenſity of Sounds is not near fo conſi- 
derable as in a cold and denſer Air, when the Elaſticity thereof is 
much greater. 2 

The Velocity of Sound is 52 times greater than that of a briſk 
Wind, or Current of Air; and, (as Mr. Hales aſſerteth) it is to 
that of undulating Water as 865 to 1. 9 | 
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Of the Nature of Sound. 85 


how it muſt be; but I beg your Thoughts of 
it, Sir; it is an Echo? | 

B. This, Sir, is no more than the Repeti- 
tion of Sound, made by a Reflexion or Reper- 
cuſſion of a Wave of Sound, from the Surface 
of very hard and ſmooth Obſtacles, as Walls, 
Sc. whence flying back, it re- ſalutes our Ears 
with the ſame Sound again . 8 1 
. A. This 


* The Angles of Incidence and Reflection are equal as well 
m the Caſe of Sound as Light; and therefore *tis eaſy to un- 


LS deritand where the Echo will. be heard molt diſtinctly, when 


the Figure of the refleQing Surface and Situation of the Spea- 
ker is known. | | 

2. Thus let AB be the plain Side of a Tower, { Fig. XXVIII. 
of Plate V. fronting p. 75) GH the Declivity of a Hill before 
it, let a Perſon utter a Voice at D, and ſuppoſing EC perpendi- 
cular to the plain AB, and the Angle DCE equal to the Angle 
ECF, the Echo of that Voice will be heard at F. 

3. The Diſtance of the Object returning the Echo of one 
Syllable muſt be 24 Paces or an 120 Feet; and for the Echo of 
2 Syllables 4.8 Paces or 240 Feet, and ſo on in a direct Proporti- 
on: ſo that an Object returning the Echo of 10 Syllables muſt be 
diſtant 240 Paces or 1 200 Feet. 5 

4. The famous Echo in Weoodftock Park near Oxford, return'd 
17 Syllables in the Day, when the Wind was a little ſtirring, 
and 20 in the Night; for then the Air being denſer, the Vi- 
brations became flower, and ſo a Repetition of more Syllables 
were audible. As Dr. Plot relates in his Nat. Hiſtory of Ox 


 fardfire. 


5. Dr. Harris ſays there is a much finer Echo from the North 
Side of SHipliy Church in Sax, which in the Night would re- 
peat diſtinctly theſe 21 Syllables ; | | 


Os Homini ſublime dedit Cælumque tueri 
Julſit, & Erectos | 
See his Lex. Tech. under the Word Echo, 


Note, (1) That the Object AB, which reflects the Sound, is 
call'd the Phonocamptic Object; and the Point C, on which the 
Sound impinges, is call'd the Phonocamptic Center; from the 


Greek Word ww a Voice. or Sound, and x-urru to bend or 
inflect. F 3 Nate, 


S bh 
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A. This is juſt as I apprehended it to be: 
But pray, Sir, whence ariſeth the great Varie- 
ty in the Note or Tone of Sounds * | 

B. The Notes and Tones of Sound ariſe 
from the peculiar Nature of the ſonorous Bo- 
dy, the Manner and Degree of Percuſſion, and 
the different Make and Configuratign of the 
Organ or Inſtrument of Sound; all theſe con- 
tribute to make that wonderful Variety and 


Difference in the Tunes, Notes, or Tones of 
Sound f. = 
A. Why 


Note, (2.) That as the Science of Viſion is call'd Optics, fo 
the Science of Sound or Hearing is call'd either Acouſtics from 
ex&w to hear; or Phonics from n, a Voice or Sound. Allo 
Cataceufiics is that Part which treats of reflected Sounds, Echo's, 
Sc. and Diacouſtics, the other Part which explains the Nature 
of refracted Sounds; and laſtly, thoſe Inſtruments which are 
uſed to aſſiſt or improve the Sen/e of Hearing, are call'd Ozacou- 
ſlics, from 5;, ar, an Ear, and Axe, to hear. | 

+ I ſhall here obſerve a few Things concerning Sound confi- 
der'd as the Subject of the excellent Science of M-/ic. 

1. Sounds, as they are more intenſe or remiſs, are ſaid to be 
loud an] low, or flrong and weak; which depends on the Nature 
of the ſonorous Body, its Figure, the Force of Percuſſion, &c. 

2 The ſame loud or low do hath divers Degrees of Note or 
Tone, which are in the Extremes call'd Acuteneſ and Grawity of 
the Sound: in the lower Degrees, the Note or Tone is Grave, 

Fat or low: in the higher, it is Acute, ſharp or high. 5 
3. The Degrees of Acuteneſs and Gravity make all the dif- 
ferent and diſtinguiſhable Jones or Tunes of a Voice or Sound; 
which are the component Parts of Harmony. | 

4. Sound is again diſtinguiſhed into long and Sort, which re- 
lates to the Duration, or Continuance thereof. 

5. Farther Sounds are Simple or Compound; A Simple Sound 
is the Product of one Voice, or individual Body, as that of one 
Wire or Word. A Compound Sound conſiſts of ſeveral Simple 
ones, all united in the ſame Meaſure of Time, or ſtriking the 
Ear altogether. As the various Notes ſtruck at the ſame time 
on different Inſtruments in a Concert. | | 

ET: 6. Laſtly, 
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A. Why is it that ſome Notes, called Con- 
cords, are agreeable to the Ear, and others we 
call Diſcords diſagree therewith ? 
| 5 2, B. We 


6. Laſtly, Sounds are either ſnooth and even, or rough and 
harſh; alſo clear and diflin, or hoarſe and obtuſe. To produce 
a ſmooth, even, and clear Sound, the Body muit be homogene- 
ous in its Parts, and of an uniform Figure throughout ; other- 
wiſe rough, obtuſe, and grating Sounds will enſue. The for- 
mer of theſe are only concerned in Muc, and are therefore 
called harmonic, or Mrfical Sounds. 

7, As Sounds are produced by the Vibrations of the Parts of 
Bodies, and Strings or Chords are the moſt ſimple and proper 
Subjects to examine theſe Matters in; ſo it has been found that 
the following Articles, reſpedting Chords and their Vibrations, 
are founded in Nature, and confirm'd by repeated Experience. 

8. The Forces requiſite to draw any Chord or String ACB 
out of its Place ( Fig. XXIX. of Plate V. fronting p. 75 ) to the 
Diſtance of ce, c, cg, are directly proportional to the Spaces 
or Lines ce, c, cg. | | | 

9. The Vibrations, therefore, of the ſame Chord are all per- 
form'd in equal Spaces of Time; that is, the Chord will return 
from the Situation AgB as ſoon as from AeB to ACB, becauſe 
the Force at g is as much greater than the Force at e, by which 
it returns, as Cg is greater than Ce. | 

10. If Chords differ only in Tenſion, the Times of their Vi- 
brations are inverſely as the Square Roots of the Weights which 
ſtretch them. That is, if the Weights are as 4 to , the Times 
will be as 3 to 2. i 

11. The Number of Vibrations in the /ame Time, are directly 
as the Square Roots of the Weights; that is, as 2 to 3, in the 


12. The Number of Vibrations made in the ſame Time by 
two Chords differing in Thickneſs, are as the Diameters of their 
Baſes inverſely. | 

13. If Chords differ only in Length, the Fimes of their V1- 
brations are directly proportional to their Lengths ; and the 
Number of Vibrations in the ſame Time are inverſely as the 
Lengths. 

14; Hence Chords of different Tenfions, Diameters, and 
Lengths may be ſo adjuſted by compounding the foregoing Rati- 
os, that the Times of their Vibrations ſhall be in any given Pro- 
portion; which is of great Uſe in ſtringing Inſtruments, as the 
Spinet, Harpſichord, &c. | | | 
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B. We may ſay, they are ſo from the A- 


greement or Diſagreement of the different 


Motions | 


15. As the Tyne of a Note or Sound is conſtituted by the Mea- 
ſure and Proportion of Vibrations in reſpect of their Velocity, 
the quicker Vibrations making the acuter Tone, and the lower 
the graver one; fo it follows, the Tune of any String's Note 
will be acuter or graver, in Proportion as it is /maller or greater, 
ſhorter or longer, tighter or ſlacker. - | 

16. Two or more Notes or Sounds being made together 1s 
call'd a Con/onance ; if the Sounds are of the ſame Tune, it is 
call'd Uniſenance; if of different Degrees of Tune, i. e. of 4cute- 
neſs or Gravity, but yet make an Effect agreeable to the Ear, it 
is call'd Concordance ; otherwiſe Difſonance. | 

17. A, Concord, therefore, is the Agreement between two 
Sounds or Notes of different Tunes, either in Conſonance or Suc- 
cęſfton of Sound; ſuch as is pleaſing and delightful to the Ear. 

18. As the Vibrations of Chords is the Cauſe of Sounds in 
general, ſo the Coincidences of the Vibrations of Chords is the 
Reaſon and Ground of Concordance: If there be two Chords 
A,B, whoſe Lengths are as 4 to 3, then tis plain (by the 13th 
hereof) that while the Chord A makes 3. Vibrations, the Chord 
B will make 4; and therefore ſuppoſing them to begin together, 
there will be conſtantly at every 3 Vibrations in A, and 4 in B, 
a Coincidence of Vibration; that is, they will then vibrate toge- 


ther, and begin each Period of Vibrations ſo long as they conti- 
nue in Motion. This makes them concord with each other, and 
| Produce an agreeable Sound. 


19. The more frequent theſe Coincidences are, the more a- 
greeable is the Conſonance ; and therefore Uniſon is the firſt De- 
gree of Concord, becauſe there the Vibrations begin and end to- 
gether ; this is expreſs'd by the Ratio of one to one, wis. 1: 1. 
Next to this the Ratio of ö 2 is the moſt agreeable and perfect 
Concord. and then 2: 3 ; after which, the Concordance becomes 
leſs perfe& and pleaſant in the Ratios 3: 4, 4: 5, 5:6, beyond 


which the Conſonance is unſufferable ; for in theſe the Coinci- 


dences of Vibrations become leſs frequent. 

20. Beſides theſe Ratios of Concord found in the natural Order 
of Numbers, 1:2:3:4:5:6, there are ſome others, wiz. 
* 5, and 5: 8, which the Ear adjudgeth Concords, tho' in a 
ower Degree. And hence, tis plain, there is ſomewhat be- 
fides the Frequency of the Coincidences of Vibrations, that qua- 
Les the Ratio for Concordance or pleaſing Sound, for elſe 

| | 4:73 


f 


Of the Nature of Sound. 8 


= Motions in the Air producing them; but a 


Perſon 


4:7, or 5: 7, both Diſcords, would be preferable to 5 : 8, a 
Concord, contrary to Experience. a Wes 

21, If one certain String be ſtruck, in order to compare the 
Sounds of others with its own, it is called the Fundamental; and 
its Note is called the Key, or Key Note. A Table of all the 
Concords between the Ratio of Uni/en 1: u, and the Octave 2: 1, 
expreſſing the Lengths, Vibrations, Coincidences, Names, and 


perfection thereof, you have here ſubjoined. 


Lengt, ILibrat. — 1 | Names. Perfection. 
1: 11: 11100 1000 Uniſon. Moſt Perfect. 
5 5 5: 65120 833 | Third Leſſer. Imperfect. 
5:44:25 4| 125 800 Third Greater. | ImperfeR. . | 
4:3] 3:41] 31 133 [ 750] Fourth. Imperfect. 
3:22:32 150 666 Fifth. Perfect. 
3:55: 85 | 160 | 625 | Sixth Lefſer, | Imperfect. 
5:33 83167 | 600 | Sixth Greater, | Imperfect. 
2:1]1:2|] 1] 200 } 500 | Octave. Perfect. 


22. This Table wants but little Explanation; take an Ex- 
ample of the th; the Length of the Chords ſounding this 


Concord muſt be as 3 to 2, their Vibrations then performed in the 


ſame Time, will be as 2 to 3; the Coincidence of theſe Vibra- 
tions will be at every 2* Vibration of the Fundamental; the 
Chord which is a 5th makes 150 Vibrations, while the Funda- 
mental makes 100. The ſame Chord is 666 of ſuch equal 
Parts as the Fundamental contains 1000. + It is called a F;/7h, 
as being the 5*> Note from the Ky incluſive ; and is a Perfect 
Concord. : 

23. To divide a Right Line ſo as to exhibit the ſeven Con- 
cords, is very eaſy ; For let AB be the given Line, (Fig. XXX. 
on Plate V. fronting p. 75.) divide it into two equal Parts in C ; 
and divide CB into two equal Parts in D; and laſtly, divide CB 


into two equal Parts in E. 


1: 2, An Octave. 
2: 3, A Fifth. 
3 


AC to AB 2 
| : 4, A Fourth. 


| AC to AD 
AD to AB | 
Then is 4 AC to AE & As 4 4: 5, A Third Greater. 
| AE to AD | | 5: 6, A Third Leſſer. 
3 
5 


EB to AE 3:5, A Sixth Greater. 
L AE to AB : 8, A Sixth Leſſer. 
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Perſon is little the wiſer for that : I therefore 


reſolye 


24. Of theſe ſeven Concords, three of them are Simple, the 
reſt Compound. The Simple Concords are 5 ; 6, a third leſs, 
4: 5 a third greater, and 3 :& a fourth; for theſe cannot be 

arted into any other Concords, by putting any mean Number 
{whether Arithmetical or Harmonical) between the Terms of the 
Ratios. | | 

25. But the other four Concords are compoſed of the Simple 
ones, as. is plain by interpoſing an Arithmetical or Harmonical 
Mean, or both, between the Terms of the Ratios of theſe Con- 
cords, as in the following Table. | 


With n Means, 


A Fifth, or 2: 3, contains 4: 5: 6, a 34 greater and 3* leſs, 
A Sixth, G. or 3: 5, contains 3: 4: 5, a 4 and 34 greater. 
An Octave, or 1: 2, contains 2: 3: 4, a 5th and 4*Þ, 

ä PE 


With Harmonical Means. 


A Fifth, 2: 3 contains 10:12: 15, a 3* leſſer and 3d greater, 


A Sixth, G.3 : 5 contains 12: 15: 20, a 34 greater and 4th. 
An OQave, 1 : 2 contains 3: 4: 6, a 4h and tb. 

Alſo between the Terms of a Sixth leſſer 5: 8, you put the 
Mean 6, it reſolves it into 5: 6: 8, A 34 leſſer and 4th. 

26. If between the Extremes of the Octaue 6: 12, we put 
an Arithmetical Mean q, it reſolves it into 6:9: 12, A ft. 
and 4th. If you put an Harmonical Mean 8, it reſolves it into 
6:8:12, A At and 5th. If both the Means are interpoſed, 
the Series will be Geometrical, wiz. 6 :8:9: 12. Thus it ap- 
pears that a 4th and 5 th are the two Concords that the Octave is 
immediately reſolvable into. ä | 

27. The Relations of a 34, 4th, 5th, 6th and Octave, to 
the Fundamental are called Primary Relations, and are Concords 


therewith, as we have ſeen : But the Relations of Concords to 


each other, are called My/ical Relations, and theſe ought to be 
all Concord, to make or ſtand together in Harmony, Thus the 
31 greater, 5th and Octave, make perfect Harmony; for the 


5th 3s to the 34 greater, as 5: 6, a 34 leſſer; the Octave to the 


34 greater, as 5 : 8, a Sixth leſſer; the Octave to the 5, as 
3: 4, a Fourth. But the 4**, 5 th, and Octave can't make Har- 
mony, becauſe the Ratio of the 5 rh to the 4 is as 8: 9, which 
js a Diſcord. | 


28. Har- 


8 


— , 
W 2 * r My ao $5.0, EN R + 18 , 4 
2 ” 1 1 1 r 8 n by af. Ns x "= a \4 238 * x * "= - a — * 
4 RS n eb. 2 —— F n 3 * La . e | 
34> 4 + on, D en — 3 1 I NL r ene 4 OT Bo 2 - 0 * * e 
pet EY SCC 0 V (V/ RA Oe at AS SY F FFF 
+ | . 


1 


J 
8 
Y 


reſolve it into the Will, Power, and Goodneſs 
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28. Harmany is a Compound Sound, conſiſting of 3 or more 
Simple Concords in Conſonance, and therefore all D:/cords, in 
the primary Relations eſpecially, and alſo in the mutual Relati- 
ons of the acute 'Terms of the Ratios, are abſolutely forbid- 
den. Tho? *tis true, Diſcords are uſed in Muſic, yet their Uſe 
is only to make the Concords appear more agreeable by the Op- 

ſition. . | 
5 29. The Jnterwals of Concords are termed harmonious; the 
Intervals of Diſcords are of two Sorts ; the firſt are call'd Con- 
cinnous Intervals, becauſe they are fit for Mufic in Combination 
with thoſe of the Concords, being in themſelves neither agreea- 
ble nor very diſagreeable. They ariſe from the Differences of 
the Concords. Thus the Difference between a 4th and a 5th, 
wiz, 3 and 4 is 5 or 8:9; this conſtitutes the Note which is 
call'd the Second greater from the Fundamental: and the Diffe- 
rence between a 3d greater and 4th is 15: 16, and this makes 
the Second leſſer, which is the very next the Fundamental, 

30. The Ratio 8: 9 is called a Greater Tone or Interval, 
9 : 10 a lier Tone, and 15 : 16 a Semitone, or rather, an Inter- 
yal greater than half, and leſs than a whole Tone. Now if 
from a leſer Tone q: 10 (the Difference of a 34 leſſer and 4th). 
you take an Octave 1: 2, there will remain the Ratio 5: 9, 
which is the Note above the 6th greater, wiz. the Seventh leſſer; 
and the Seventh greater is the Difference between the Semitone 
16: 16 and the Octave 1: 2, viz. the Ratio 8: 15. And 
thus you have all the Intervals both Harmonious and Concinnous 
which conſtitute the Notes in preſent Uſe ; the Reſt are all in- 
concinnous, which produce very harſh Notes, or groſs Diſcords, 
too bad to be uſed in Muſic. | 

31. The Firſt or Fundamental Note of any Tune or Song, 


is called the Ky, as being that to which all the Notes in the 


Melody of that Song are referred, and by which they are governed 
and regulated, In this Key the Melody generally begins, and 
always cloſes. The Key is diſtinguiſhed into two Kinds, viz. 
the Flat and Sharp Rx. | : 
32. The Flat Key is that which hath always the 24 greater, 
34 leſſer, 4th, 5th, 6t leſſer, 7 tu leſſer, and Octave; the Sharp 
Key has the 24 greater, 34 greater, 4th, 5 t, 6th greater, 7 ch greater, 
and Octave. Whence it is plain, that the Air or Tyne of the 
Melody in the Flat Key is a half Note lower than it is in the 
Sharp Key ; and is therefore more ſuited to, and generally uſed 
in the melancholy and mournful, than briſs and airy Tunes, as 
the other Key is adapted to, being half a Note higher. 
e 33. Theſe 
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of the great Creator, who, doubtleſs, deſigned 
the pleaſing Harmony and Melody of Sounds 
| RE. MM 


33. Theſe ſever natural Notes are generally repreſented by the 
ſeven Letters A, B, C, D, E, F, G, in a ſingle Octave. If the 
Key be Sharp, the 34, Gth, and 7 above have this Mark ( 
affixed to the Characters of theſe Notes to denote it; As thus, 
if A be the Key, A, B, C&, D, E, F*, G“; Or if the Key be 
Flat, they have this Mark (b), As A, B, C, D, E, F, Gb. 
34. This Diviſion of the Octave is moſt Natural, and becauſe 
it contains three greater Janes, two l/effer Jones, and two Semitones, 
is called the DIATONIC SCALE of Muſic, but more vulgar- 
ly the GAMUT), from the Name of the loweſt Note therein. 

35. The Gamut contains three Parts called Ciiſts, the Baſe, 
the Tenor, and the Treble Clifts, as repreſented in Fig. XXXI. 
of Plate V. fronting p. 75. each Part fingly contains 5 Lines on 
which, and in the Spaces between them, are wrote the Charac- 
ters of the Notes. The Marks of the Clifts, and Names of each 
Part you there ſee expreſſed. Part of the Tenor is common to 
the Baſe below, and the Treble above, | . 

36. Muſicians, in writing Muſic, uſe various Characters ta 
expreſs Notes of different Length of Time, as Breve, Semibreve, 
& c. any one of which contains two of the next below, in Common 
Time; but in what is called Triple Time, a Semibreve contains 
1+ Minum, 3 Crotchets, 6 Quavers, &c. See Fig. XXXII. of 
Plate V. fronting p. 75. | 

37+ 1 have thought it expedient to illuſtrate the foregoing Rudi- 
ments of the Theory of Muſic, by an Example of ap Octave in 
the Baſe Clift of a Spiner, Fig. XXXIII. of Plate VI. fronting p. 
92. Where you obſerve a Scale divided into an 100 equal Parts; 
oppoſite to which are placed the Strings which ſound the 1 2 Notes 
or Semitones of the Octave; at the lower End, are the Keys of 
the ſeven Natural Notes marked with the Letters C, D, E, F, G, 
A, B, C, between which are the other Keys of the Semitones. 
The Key-Note is C, with reſpe& to which the Strings of the 
other Keys are proportioned in Length as they are 2d, 34, 4", 
c. to it. On each String are Numbers, ſhewing how many 
equal Parts of the Scale it contains; and others which ſhew the 
Ratio of its Length to that of the Key or Scale. From the Ends 
of the Strings go dotted Lines to the Notes of a Tune wrote in the 
. Gamut, in their proper Lines and Spaces. On the left of the 
Scale of equal Parts is the Diatonic Scale, ſhewing, both in the 
Flat and Sharp Keys, the Intervals of the Tones and Semitones, and 
their Order in each. | 
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o ſweeten and heighten the Pleaſures of hu- 
an Life, and to alleviate and diſpel its 


Cares 4. 


38. Thus much ſhall here ſuffice for a ſhort Sketch of the 
heory of Muſic ; they who would ſee more may read Dr. Hol- 


S's Grounds of Harmony, Salmon's Theory of Muſic in Philoſ. 


| ; Tranſ. No. 302. Malcolm's excellent Treatiſe of Muſic ; Zack- 


an's large Scheme of Muſic ; and Harris's Lex. Tech. under 


the Word Muſic; beſides various others. 
1 Among all the wonderful Effects aſcribed to the Power of 
Muſic, none is more ſurprizing and important than that of curing 
che venomous Bite of the Italian Spider, called the Tarantula. 


ne part bitten is ſoon affected with a very acute Pain, and a 


few Hours after with a Nz-mbneſs ; upon which enſues a profound 
—_ Sadneſs, and a difficult Reſpiration ; the Pulſe grows weak, the 
= Sight is diſturbed, and the Perſon loſes Knowledge, Senſe, and 
Motion. The Doctor is conſulted in vain ; the Muſician here 
alone performs the Cure ; he tries a Variety of Airs, and when 
W he chances to hit on that Harmony that accords with the Patient, 
he begins to move by Degrees, and keeps Time with his Fingers, 
Arms, Legs and Body ; then he raiſes himſelf up and dances, 
increaſing in Strength and Activity. This dancing Fit continues 


#6 Hours, or a Day, or ſometimes two Days. When the Muſic 


ceaſes, the Perſon gives over Dancing, and is put to Bed. This 
Proceſs is repeated till the Patient has recovered himſelf, which 
is by little and little; and every Sick Perſon has a particular 
Air or Tune, and always a very ſprightly one. See Philoſo- 
phical Converſation, Vol. IT. Conv. 15. Alſo Derham's Phy- 
ſico-Theology, Book IV. Chap, III, Maico/m's Muſic, Chap, 
ALY. $3. Ke. | | 


CHAP. 


SS 
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CHAP. IX, 
Of Gravity and LEVIT V: Of Ar- 


TRACTION aud ELECTRICITY. 


A. HAT is meant by the Gravity of 
Bodies ? | 

B. That Property, Power, or Force, where. 
by all Bodies tend downwards, in right Lines, 
to the Center of the Earth. 

A. Is not this what is called the Veigbt of 
Bodies ? 

B. No; for the Weight is properly the Ef- 
fect of Gravity, or the Meaſure or — of 
this Power acting on them. 

A. How do you mans ara the Kinds of 
this Property ? 

B. Into abſolute and ſpecific Gravity. 

A. What is abſolute Gravity? 

B. All that Power whereby a Body tends 
towards the Center of the Earth. | 

A. And, how doth ſpecific Gravity differ 
therefrom ? 

B. The ſpecific or relative Gravity, is that 

which is peculiar and appropriate to any diſ- 
tint Species of Bodies, and diſtinguiſheth 
them from others, when * with 
them. 

A. What is the Meaſure of Gravity in Bo- 


dies? 
B. Their 
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B. Their Quantity of Matter ; for their 
Weight or Gravity is always proportional there- 
to. | | 

A. Pray what do you call that Point to- 
wards which Bodies naturally tend ? 

B. The Center of Gravity, which is very 


near the Center of our Earth, for all Bodies 
within its Verge of Power: And thus the Cen- 


ter of Gravity of the Planets 1s ſaid to be near 
to the Center of the Sun, about which there- 
fore they all circulate *. 


A. In what Manner doth this Power of 


Gravity act on Bodies? 


.: 


B. Equally and abſolutely on all alike, with- 
out Regard to their Figure, Size, or Quantity 
of Matter. 


A. If fo, one would think all Bodies would 


deſcend with equal Velocity or Swiftneſs. 
B. So they would in reality, were it not for 
the Reſiſtance of the Air. 


* The common Center of Gravity of two Bodies is a Point 
ſo ſituated in a Right Line joining their Centers, that their Diſ- 
tances from it on each Side are r=ciprocally as the Quantities of 
Matter in the ſaid Bodies. 


Example, Let A be a Body of 12 lb. and B another of 41b. 


join their Centers by the Line AB; then ſay, as A-j-B: A:: AB 
BC, that is, As the Sum of the two Bodies 16 Ib. is to the great- 
er 12 lb. ſo is the whole Dittance AB, to the Diitance BC, 
which gives the Point C, the common Center of Gravity be- 
tween them. If a third Body D of 6 lb. be added, to find the 
common Center of all the three Bodies A, B, and C, ſay; As 
A-|-B-|- D: D:: CD: CE, which gives E, the common Center 
of all their Gravitation. In this manner you find the common 
Center of Gravity for any Number or Syſtem of Planets. | 
For the common Center of Gravity of Lines, Superficies, and 
Solids, ſee Yallis's Mechanics, and other Writers on the mecha- 
nical and experimental Philoſophy ; particularly Dr. De/aguliers's 

Courſe, Vol. I. LeR. iſ and 2d. 
A, This 
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A. This is a ſtrange Aſſertion Pray bor . 


do you prove it ? 
1 Air-Pump ; for put the lighteſt 


Feather and a Guinea together in the Receiver, - 


holding them faſt at the Top till the Air be ex- 
hauſted, then letting them go, you will per- 
ceive them deſcend to the Bottom in the ſame 


Moment of Time, and _ incredible ain 


nels. 

Ai. This is, indeed; very curious 401 won⸗ 
derful, and almoſt paſt Belief, that the light- 
eſt Bodies ſhould deſcend as ſoon as the hea- 
vieſt l +. 

B. Yes, they will in Packs inden; but in 
the refiſting Medium. of the Air, Bodies gravi- 
tate towards their common Center, and one a- 
nother, according to their different Quantity 
of Matter contained in them, as I ſaid before, 


A. What, Sir, do you fay that Bodies gra- 


vitate toward one another? 
B. Yes, they do: The Moon gravitates to 
the Eartb, and ſo does the Earth to the Moon; 


+ This may ſeem wonderful at firſt Thought, but the Wonder 
will ſoon ceaſe if we only conſider, that each equal Particle of 
Matter is acted upon by an equal Force of Gravity, and that 
therefore every ſuch Particle in one Body mult needs deſcend | 


with the ſame Velocity that every ſuch Particle does in another, 
Conſequently, if the Matter of the Feather conſiſt of ten Particles, 
and that of the Guinea of ten Thouſand, it is plain, that ſince 
there is 1000 Times more Particles in the latter Caſe to be moved 
than in the former, there will be required a thouſand Times 
greater Force of Attraction to move the Guinea, than to move 
the Feather,. with the ſame Velocity; but this is all the Force 
that can poſſibly affect the Guinea; the Velocity of Motion there- 


fore in both Caſes muſt be the ſame; ; tis the Quantity of Moti- 
on only in the Guinea which is a 1000 SUIS greater than that 


of = Feather. 


_ 
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the Satellites of Jupiter and Saturn to them ;  * 


and Jupiter and Saturn gravitate to the Sa- 
tellites; yea, the Earth gravitates or moves to- 
wards the Stone that falleth, as well as the 
Stone gravitates or moves towards the Earth. 

Az. Aye, indeed! why then, if the Earth 
moves towards all Bodies falling on it, how 
is it that we can never perceive it? > 

B. By Reaſon of the vaſt Diſproportion of 
Matter in each ; for ſuppoſe a Stone of 100 
ſolid Feet in Magnitude, let fall from a Height 
equal to our Chichęſter Spire, viz. 300 Feet; 
then becauſe the Globe contains about 
30000000000000000000000 folid Feet, and 
ſuppoſe the Earth every where to be of the 
ſame Denſity with common Stones, then the 
Quantity of Matter in the Earth will be to the 
Quantity of Matter in the aforeſaid Stone of 
Joo Feet, as 3000bOOOOOOOOOOOOOO0O0O to 1; 
and therefore while the Stone falls 300 Feet, 
the Earth will move towards the Stone the 


e 9 3 


only imperceptible to the Senſes, but incon- 
ceivable by the Imagination. | 
A. Very ſmall indeed: But, Sir, now we 
are upon the Deſcent of heavy Bodies, pray 
at what Rate of Velocity doth a Body deſcend 
to any given Diſtance downright ? 
B. The perpendicular Deſcent of Bodies, is 
at the Rate of 15 Feet in one Second of a 


Minute ; and for all the following Seconds, 
5 "7 08 


WES 


the Spaces are as the Square of the Seconds 


VIII. fronting Pp. 120 4. A. In 
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Thus, ſuppoſe a Body keep falling 1, 2, 3, 4 
Sc. Seconds, the Squares of theſe Times will 

be 1, 4, 9, 16, &c. and the Spaces paſſed thr 
at the End of each will be 15, 60, 144, 240% 

Sc. and the exact Number of Feet paſſed | 
thro” in each ſingle Second will be as the odd 
Numbers, 1, 3, 5, 7, &c. that is, I 5, 45, 7 
10 5, &c, Feet; all which is diſtinctly and na- 
turally ſeen in the Line AB, Fig. XV. of Plato 


+ then a Body were proſected or thrown from the Point Aj 
mn the horizontal Direction AB, it would, in an unreſiſt ing Mes 
dium, and without Gravity, proceed with an uniform Motiony 
and, in equal Times, defcribe equal Spaces AC, CE, EG, G8, 
Sc. But, fince all Bodies have Gravity, the ſame” Body & 
would with its Gravity alone, in the ſame equal times aforeſaid, 
deſcend thro' the Spaces Ac, cg, eg, gb, &. Draw CD, equal 
and parallel to Ac, and cD the fame to AC; then becauſe the 
Body A js urged with two Forces, one in AC, the other in Ac, it 
will be carried in a Direction between both, and zt the End of the 
firſt Moment will be found in D the. oppoſite Angle of the Pa 
rallelogram Ac DC, (according to Note + in Page 54.) Thug 
in two ſuch Moments, while it would have deſcribed twice the 
horizontal Space AE, or four times the perpendicular Space Ae, 
by ſingle Forces, it would by Compoſition of thofe be found 
in F. And ſo after three fach Moments it will arrive to H; 
after four, to K, &c. Now ſince Ac, Ae, Ag, Ab are as the 
Numbers 1, 4,9, 16, they ate as the Squares of the Lines cD, 
eF, gH, bK. But this is the common Property of the Parabola, 
as all Writers on Conics demonſtrate. Therefore all Prejectilu, 
or Bodies thrown in any Direction, deſcribe the Curve of a Pa- 
rabola in their Deſcent. = 

2. On this Principle depends the Art of Gunnery; let AN 


be a Cannon (Fig. XXXVI. of Plate VII. fronting p. 99.) ele- 


vated aboye the horizontal Level AM, in the Angle BAM; 
A Bomb diicharged from the Muzzle A will leave the 'reQli- 
neal Direfion AB, and deſeribe the pa-abolic Curve AIM. 
AM is the Amplitude of the Prejection, or horizontal Random 
of the Bomb; II, is the Height thereof. Now a ſkilful Engt- 


nser knowing the Diſtance of an Object, as the Spire 8, can io 


propor- 
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x A. In what Manner or Proportion does the 
Freight of Bodies increaſe or decreaſe, with 

5 . Reſpect 


7 
roportion the Charge of Powder, and, the Elevation of the 
s that the projected Bomb M ſhall deſcribe ſuch a Para- 
bola AIX, as ſhall paſs through the propoſed Object 8, which 
therefore mult be hit. by the Bomb in its Courſe thro! that Curve. 
3. Since a Body falling freely, deſcends with a Motionequal- 
bly accelerated in equal times; as proved by Experiments, and 
evident to Reaſon ; and alſo ſince the Motion ofa Body deſcend- 
ing upon an inclined Plane is of the ſame Kind, as the Mathe- 
maticians prove (See Keill's Introd. Page 207.) The Forces by 


7 which two Bodies A, B, deſcend, one of which falls freely, the 


_ Gravity deſcend to its fi:{t Place B, and t 


other B runs down an inclined Plane, if they begin to move in 
the ſame Moment, are always to one another in the ſame Ratio, 
a3 in the Beginning of the Fall, which Ratio is as the Length 
of the Plane AE to its Height AD ( Fig. XXX VII. of Plate VII. 
fronting p. 99.) See the laſt Article of Note F, in Page 54. 

4. The Effets of thoſe Forces, thesefore, that is, the Spaces 
paſſed tbro by theſe Bodies in the ſame Time, are in the ſame 
Ratio of the Length of the Plane to its Height. On the Height 
of the Plane AD deſcribe a Semicircle AC, this will cut the 
Plane in C; join CD; thep, ſince the Angle at C is a right 
one, the Triangles AED and ADC are ſimilar, and ſo the Ra- 
tio of the Side AD to AC is the ſame as of the Side AE to AD, 
Conſequently, while the Body A deſcends freely to D, the Body 
will deſcend on the inclined Place to C. | 

6. In the ſame Manner it is ſhewn, with reſpect to any other 
inclined Plane AFD, that while a Body A falls freely the per- 
pendicular Height AD, the Body B let go at the ſame time, 
will arrive on the inclined Plain to the Point G. But AD is 
the Diameter of a Circle, and AC, AG two Chords in the ſame ; 
therefore a Body falls thro' the Diameter or any Chord of a Circle 
in the ſame Time. 885 * 5 | 

6. Let CB be a String with a Weight B at the End, hang- 
ing freely from the Point C, (Fig, XXXVIIL. of Plate VII. 
fronting p. 99.) this is called a Pendulum. Let the Weight B be 
brought to the Point D, and there let go, it-will by its own 

585 with the Velocity 


acquired in that Deſcent will aſcend to E, ſo that BE will be 
equal to BD; and this Motion or Swing of the Body from D to 

E is called a Vibration. | | 
7. The Bob or Ball of any Pendulum, vibrating freely, de- 
ſcribes the Arch of a Circle as DBE, whoſe Diameter AB is 
twice the Length of the Pendulum CB, If the Arches BD, BE, 
G 2 | e are 
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Reſpect to their Diſtance from the Center of 
Gravity? | 
J B. The 


are very ſmall, they do not ſenfibly differ from the Chords BD, 
BE ; there the Deſcent of a Body thro' a /nall Arch and thro? 
its Chord is performed in the ſame Time, as far as Senſe can 
diſcern. But the Deſcent of Bodies in any Chord is in the ſame | 
Time, and ther#fore all Vibrations of the ſame Pendulum, ibo 
wnequal, are performed in the ſame Time. | 
8. The Velocities acquired in the loweſt Point B, by a Body 


deſcribing different Arches DB, KB, are as the Subten/es or 


Chords of thoſe Arches. See Keill's Introd. Lect. 1 5. Theor, 


37, and 43. > 5 | 
The Times of the Vibrations of two Pendulums, CB and 


9 
cb, ( Fig. XXXVIII. and XXXIX. of Plate VII. fronting p. 99.) 


are in the /ubduplicate Ratio, (7. e. as the Square Roots) of their 
Lengths, for the Body deſcends from D to B, in the ſame Time 
it would fall freely thro' the Diameter of the Circle, i. e. twice 
the Length of the Pendulum, therefore it performs one Vibra- 
tion from D to E in the ſame Time that it would fall by the 
Force of Gravity thro* 4 Times its Length CB. Thus alſo the 
Pendulum c6 vibrates from to e in the ſame Time it would fall 
freely thro' 4 Times its Length c. But Spaces paſſed thro' in 
this Caſe, are as the Square of the Times, and therefore the 
Times are as the Square Roots of the Spaces. Conſequently, 
the Time of a Vibration thro' DE, is to the Time of a Vibration 
thro' de, as the Square Root of 4 Times CB to the Square 
Root of 4 Times c6, or as the Square Root of CB to the Square 
Root of ch. 

10. It has been found that a Pendulum, which ſhall vibrate 
Seconds of Time in our Latitude, muſt be 392; Inches in 
Length; if then it be required to find the Length of a Pendulum, 
that ſhall vibrate Sf Seconds; ſay, as the Square of 1 (which 
is 1) is to the Square of 5 (which is 4) ſo is 394 to 9 & Inches, 
the Length of the Pendulum required. Thus the Length to 
vibrate Thirds of Seconds will be found 435; Inches; and the 
Length to vibrate quarter Seconds will be 25; Inches. 

11. From hence it appeare, that a Pendulum is an univerſal 
Chronometer, and that by it a Perſon may meaſure Time very 
truly when deſtitute of a Clock or Watch. For hang up any 
String with a Bob to it, and let it vibrate ; then having num- 
bered the Vibrations performed in the Time propoſed, ſay, as 
3975 is to the Length of the String, ſo is 1 to a Number, 
whole Square Root is the Time of 1 Vibration made by the 
Pendulum, which multiply by the Number of Vibrations, and 
you have the whole Time required. So that you divide the 

| Length 
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of the Gravitation an Deſcent of Bodies. 101- 


B. The Weight of Bodies is reciprocally as 
the Squares of the Diſtances from the Center 
of Gravity, _ 8 | 

A. I ſhould be glad if you could exemplify 
this to my Apprehenſion. | | 

B. That I can eaſily : Suppoſe ZPNS the 
Globe of our Earth, and its Center C, the 
Center of Gravity; let there be a Body placed 
on its Surface at Z, whoſe Weight let be 3600 
Pounds ; then if this Body be removed to the 
Diſtance CF, two Semi-diameters of:the Earth, 
you have its Weight there by this Analogy, 


Length of the Pendulum by the conſtant Number 39, 8, and 
take the Square Root of the Quotient for the Time of a . 
12. Let AB C Fig. XL. of Plate VII. fronting p. 99.) repre- 
ſent an uniform Bar of Iron, or any other Thing; let this be 
made to vibrate; and with it hang up a common Pendulum 
Cb that ſhall vibrate in the ſame Time with it: the Length of 
ſach a Pendulum CD will ever be found equal to AG, which is 
3 of AB. This Point G is therefore called the Center of Oſcilla- 
tion; and has the ſame Effect as if all the Weight of the Bar were 
eollected into it: Conſequently, if that Point of the Bar be made 
to ftrike an Object, the Blow will be greater than from any o- 
ther Point z for which Reaſon it is alſo called the Center of Pers 
cuſſion. © 
13. *Tis faid, that Ricciolus was the Firſt who meaſured Time 
with a Pendulum, and that herein he was followed about the 
fame Time by Vendelinus, Mer ſennus, Kircherus, &c. ſome of 
whom declared they knew nothing of Ricc/olus's Attempt. B:t 
the firſt who applied it to a Movement, a Clock, or Watch, was 
the famous Mr. Chriftozher Huygens, who brought it alſo to a 
o2d Degree of Perfection. See Lex. Tech. Magnum, under the 
ord Pendulum; and moſt mechanical Writers on this Subject. 
As to what farther concerns the Doctrine f Projedtiles, I (hall 
leave that to the Chapter of Hydroflatics in the laſt Part of this 
Book. And for 2 compleat Theory of the ſaid Doctrine, I refer 
the Reader to Keill's Introduction to Natural Philoſophy ; and 
for the Praxis thereof, or its Application to the Art of Gun- 
ery, he may conſult the young Trigonometer's Guide, Vol. I. 
Part II. Chap. V. | 
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4 I:: 300: 900. If the ſaid Body were femov'd 
three Semi- diameters to E, the ſame Analogy 
finds its Weight there, viz. 9: I:: 3600: 400. 
And at the Diſtance of ſix Semi- diameters the 
Weight thereof will be but 100 Pounds; for 
36: 1:: 3600: 100. Thus, at the Diſtance 
„ 2, 5. 6 Semi- diameters from the 
Center of the Earth, the Diminution of the 
Weight of ſuch a Body would be as theſe Num- 
bers, 3600, 900, 400, 225, 145, 100. Thus, 
on the contrary, he who beareth 100 Pound 
Weight on the Earth's Surface, would, with 
equal Eaſe, ſuſtain the Weight of 3600 Pounds, 
at the Diſtance of 6 2 Diameters, at A. See 
Fig. XVI. on Plate VIII. fronting p. 120. 

A. After ſo much of the Gravity of Bo- 
dies, let me know what the ee ſay 
of the Levity of Bodies? 

B. There is no ſuch Thing, philoſophically 
ſpeaking, as abſolute Levity or Lightneſs ; this 
is only a comparative Term, and implies no 
more than the Difference of the Weight of 
"Bodies compared together, or their ſpecific 
Gravity, 

A. Pray, what Diſtinction do you make 
between Gravity and Attraction? 

B. In the Nature of the Thing there is no 
Difference, they are both one and the ſame 
Principle, only in the Manner of conſidering 
it this Diſtinction ariſeth; if we reſpect it in 
the Body, containing the Center of Gravity, 
we call this Power, in that Body, Attraction; 
but we call it Gravity in Bodies which are 
moved 


hy 


of Attraction. {7 088 


moved toward that Center, or Body, wherein | 
it is: Thus the Earth , is ſaid to attract Bodies 


on it, or falling on it; and thoſe Bodies are 
ſaid to gravitate towns the Earth; ſo the 
Loadftone attracts Steel, and the Steel gravitates 


to it *. 


* ATTRACTION is, by the Modern Philoſophers, confidered 
twofold, wiz. (t.) Attraction of Gravitation, whereby one Body 
affects another at a Diſtance, and cauſes it to gravitate towards 
itſelf; which is what I have above conſidered; and concerning 
which the Reader may ſee. abundance in Lex: Tech. Mag. under 
this Word. (z.) Attraction of Cohefion, which. we find only 
among the very ſmall Particles of Matter in Bodies, and of 
which Lſhall here enumerate the chief Properties. 

1. This. Force is then greateſt when the Particles are in . 
tact, or touch each other, 


2. In homogeneous Particles, the greater, the Surface of Con- 


tat, the ſtronger the Force. 

3. The Sphere of this Attraction is inconſiderable at any | 6 
ſible Diſtance from the Particle. 

4. The ſmaller the Diſtance, the ſtronger the Force, which 
is very great at very ſmall Diſtances. 

5. This Force decreaſes nearly as the Cubes of the Diſtances 
increaſe; and not as the Squares thereof, as in the other Sort of 
AttraQtion. 

6. This Force is proportional to the Quantity of Matter i in 
Particles, 

7. Conſequently the denſeſt Particle, whoſe Surfaceof Con- 
tact is largeſt, hath. the greateſt Attraction of Cobeſſon. 

8. In Particles of the ſame Kind, or equal Denſity, the At- 
traction is ſtronger between ſmall Particles, than the large; 
becauſe. in thoſe. there is a greater Quantity of Surface than in 
theſe, eſpecially if they are of a ſpherical Form. 

From this Property of Matter proceed many wonderful and 
curious: Phænomena, which are eafily accountable for on this 
Principle. As, 

1. The ſtrong Coheſion of the Particles which compoſe ſolid 
or hard Bodies ; for without this Power, the. hardeſt Adamant 
would inſtantly diſſolve into an: impalpable Powder. 5 

2. The prodigious Coheſion of poliſhed Surfaces, as of G' aſs, 

Stones, — &c, Thus two leaden Bally parcu with a ſharp 
5 10-4 | Krife, 


AK 
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A. Is this Power of Attraction the ſame in 
all Bodies, of the ſame Kind, of equal Denfi- 
ty and Magnitude ? 

- | . Yes 3 


Knife, ſo as to cut off a Segment about 4 of an Inch Diameter, 
if they are preſſed together (giving them a little Twiſt) pretty 
hard, they will require the Weight ſometimes of 100/6 to ſe- 
parate them. That this is not owing to the Air is plain, be- 
cauſe they are not ſeparated in the exhauſted Receiver. 

3: By this Power, Liquids ariſe into the Subſtance of Bread, 
Sugar, Spunge, and all very porous Bodies. | 

4. On this Account alſo Liquids riſe on the Sides of contain- 


ing Veſſels, and about the Surface of Bodies floating therein, to 


a (mall Height above the common Level. | 

5. Particularly on this Principle, and no other, can we ac- 
count for the Aſcent of Liquids in capillary Tubes of Glaſs to ſo 
conſiderable a Height above the Surface of the Liquor in which 
they are placed, contrary to the Laws of Hydraulics; the 
Heights to which Water will ariſe in different Tubes, are reci- 
procally as the Diameters of the Bores of thoſe Tobes, and the 
Quantities of Water drawn up, are directly as thoſe Diameters, 
See Grave/ſande's and Dr. Deſagulier's Courſes ; Weber's Prin. 
Ciples of Nat. Phil. Page 17. Rowning's Comp. Syſtem. Harri;'s 
Lex. Tech. under the Word Attraction. | 

6. By this Means, the Water in the Veſſel BC { Fig, XLI. of 
Plate VII. fronting p. 99.) will ariſe between the two poliſhed 
glaſs Plates, AC, Ae, being ſet therein touching each other on 
the Sides AB, and open a little on the other Sides; the Figure 
of the Water between the Plates /g, is that of an Hyperbola. 

7. When Particles of Matter of different Denſities, Quantities 
of Surface, and conſequently, of different Attractive Powers, 
are mixed together, they will neceſſarily attract, agitate, and 
move each other in various wiſe, and with incredible Velocities 
in many Caſes ; from hence will ariſe Fermzentations, Ebullitions, 
Excaleſcencies, Fuſions, Difſolutions, Cryflallizations, and other 


ſuch like Effects known in Chemittry. 


8. But among the ſmall Particles of Matter, there is not on- 
ly an attractive Power, but alſo a repelling one, whereby they 
are made to recede and fly from each other ; and this Force is 
called Repulſion. | 

9 REepuLs1on begins where Attraction ends, and encreaſes 
as the Diſtance of Particles decreaſe. | | 

10. Particles attracted moſt ſtrongly within the Sphere of its 
Power, are repelled moſt forcibly when without it 

: 11. From 


Attraction and Electricity. 105 
B. Ves; but in all ſuch Bodies, the leſs any 
one is than another, the greater is its attract- 
ing Force; ſo the magnetic Attraction is ſtrong- 
er in a ſmall Loadſtone, in Proportion to its 
Weight, than in a larger one. 
A. What is the Conſequence of this? 

B. Sir Jaac Newton has found, by Calcula- 
tion, that, as the Particles of Ligbt are the 
leaſt Bodies we know of, ſo their Attraction 
is IooO0OOOOOOOOO0oo0o million of millions of 
Times greater than that of the Earth, on the 
Earth's Surface; according to the Quantity of 
Matter in each, and the afore- mentioned Ve- 


8 locity of Light. 3 5 5 
5 A. Pray, Sir, what do you underſtand by 
Electricity 4? B. A 


11. From the great Degree of this repulſive Power in Oil, 
Greaſe, &c, ariſes the great Difficulty of mixing thoſe Bodies 
with Water, ſo as to make their Parts touch and ſtick together. 
12, This Power is ſmall between Ga and Mater; greater 
z between Glaſs and Quicſſilver; ſtrong between Puickfikver and 
Copper ; ſtronger between Qzicſſiluer and poliſhed Steel; but 
| weaker between 2uickfilver and Gold. 

13. From this Principle it is that a dry Needle ſwims upon 
E the Water; and that Flies, c. walk and run thereon without 
wetting their Feet, En] 
| 14. Let there, be two Balls of Wood A and B, the one 
| wetted all over with Water, the other with Oil; let theſe be 
put into the Veſſel of Water CD, and the different Effects of 
the attractive and repulſive Powers of Matter and Oil will be- 
come very viſible 3 the Water in one Caſe riſing by Attraction 
above the common Surface; and in the other it is forced below 
it by Repulſion. See Fig. XLII. of Plate VII. fronting p. 99. 
S-e more concerning Attraction and Repulfion of Particles in 
Webſter's Principles, Graweſande'* Elements, and Dr. Deſagu- 
lier's Courſes of experimental Philoſophy, and alſo the Lex. 
Tech. under the Word Attraion. | 

+ ELs8cTrtciTyY conſiſts of an Attraction and Repulſion 
pretty much of a like Nature with thoſe in the * 

: | Note. 
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B. A certain Kind of attractive Faculty, pe- 
culiar to ſome Bodies, as Amber, Jet, Sealing. 


Wax, 


Note. The principal Praperties of theſe wonderful Qyalities of 
Bodies are as follow. 5 
1. It exiſts of fine inviſible Efluvia, ſuppoſed to be of an 
unctuous and oily Nature, which are excited by Attrition, or 
Rubbing the electrical Body till it become warm. | : 
2. Such Bodies warmed by the Fire only, do not attract fo 
forcibly as when heated by Rubbing. | 
3. If a Glaſs Tube be firſt warmed by the Fire, and then 
heated by Attrition, it will attract moſt ſpeedily and powerfully, 
4. Ter ſion, or Wiping, is alſo neceſſary as well as Attrition or 


Rubbing, to procure Electricity; for this frees the Pores for the 


better Emiſſion of the EHu wia. 
5. This Effect is much weakened if the Weather be thick 
and cloudy. | | 
6. The Interpoſition of the fineſt Linnenor Paper, will hinder 
the Action of Electricity; whereas the magnetic Virtue pervades 
all Objects. | 3} - 
7. Electrical Bodies attract all Things indifferently, the 
Laadſtone only Iron and Steel. 8 | 
8. If a Glaſs Tube be rubbed in the dark, the EMuvia will 


appear lucid ; and if a little Bruſh he held near the Tube, or 


drawn along it without touching, juſt after it is rubbed, Sparks 


of Light like Stars will appear upon every Hair of the Bruſh. 


9. If when a Tube is juſt rubbed, your Hand be brought 


along down very near by the Tube, it will prevent its Effect. 


10. If the Fingers be moved nimbly by the Tube, as if you 
went to ſtrike it in a Direction perpendicular to its Axis, the 
Effiuvia will be heard to ſnap againſt the Finger, or (beat 
back from it) againſt the Tube, like the Crackling of a green 
Leaf in the Fire, but not ſo loud. 

11. In hot and moiſt Weather the Tube requires a great deal 
of Rubbing before it will ſna p, and its Virtue will then diffuſe 
itſelf but a little Way, for what it will when the Weather is 
dry and cold. 5 

12. In fine dry Weather, the Electrical Virtue will attract 


at the Diſtance of 8 or 10 Feet: In cloſe moiſt Weather not 


above the Diſtance of 2 Feet. 


13. After a Feather is attradted, and has ſtuck to the Tube 
ſome Time, it will fly off, or be repelled, and never return to 
the Tube again till it has touched ſome other Body. 


14. If 


y_— „ Po >, a > Mg 


Of Antrudtion and Bleftricity, Toy 
Wax, Glaſs, &c. whoſe Particles are ſach, 
that being greatly rarified and agitated (by the 
Heat occaſioned by Attrition, or Rubbing of 
them) they fly off to a &ertain ſmall Diſtance, 
but not beyond the Sphere of the Body's At- 
traction; and therefore, by this Attruction 
they are obliged to return again to their old 
Quarters. | 

A. Why then, I ſuppoſe, it is by their Fly — 
ing off, that light Bodies, as Feathers, Haie, 
c. are repelled from the electrical Body:; and 
by the Return of thoſe Particles, they are a- 
gain inſtantly compelled back, and attached 
to the ſaid Body. 

B. Ves, that is the Caſe, as underſtood at 
preſent ; but for the real Cauſe of Actraction 
or Gravity in general, Sir Iſaac Newton.pro- 
feſſeth Himſelf entirely ignorant of it; even 
tho' he makes this Principle of Artraction or 
Gravity the Baſis of all his! hiloſophy: Where- 


14. If the Finger, &c. be held near the Täabe, the Fea- 
ther will alternately fly from the Finger to the Tube; always 
wien out its Fibres towards the Object it flies to embrace. 

MNoſt, if not all theſe Effects ſucceed in Vacuo, only the 
152 t Excited by Attrition will be of a purple Colour, in a 
much greater Quantity, and all within the Glaſs. 

16. An exhauſted Tube loſes all its Virtue externally, which, 
in this Caſe, is wholly exerted within the Tube, 

See a great Number of curious and ſurprizing Experiments 
concerning Electricity in Mr. Hauſſbee's Book of Experiments; 
Deſaguliers, and other Writers on Experimental Philoſophy; 
Chambers's' Dictionary, and Harris's Lexicon, under the Word 
Electricity; and ſeveral Numbers i in the Phileſothical Tran f- 
egtions. 5 

a fore 
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fore let us now diſcourſe of ſome other Pro- 


perties of natural Bodies 7. 


CHAP; X. 


Of TRANSPARENCY and OPACITY, Dxx- 
SITY and RARITY, HARDNEss and 
Sor TNEss, RiG1DiTY and FLEXIBIL1- 
TY in BODIES, 


AC! IR, I thank you for your Inſtructions 


concerning Gravity and Attraction, and 


ſhall be very glad to hear you farther on the 


other Qualities of Bodies; and firſt, what 
may we underſtand by the Tranſparency and 
Opacity of Bodies ? | . 

B. Tranſparency is that Quality of certain 
Bodies, whereby their Subſtance is enlightened, 


and Objects appear viſible through them, as in 


Glaſs, Cryſtal, &c. and therefore thoſe Bodies 
are called Tranſparent, Pellucid, or Diapha- 
nous, all which Terms imply the ſame Thing. 
Opacity is the Quality oppoſite hereto; and 
thoſe Bodies are ſaid to be Opake whoſe Mat- 
ter is not franſparent, or through which Ob- 
jects are not viſible. 


+ Sir /aac's Words are, «« Hitherto J have expounded 
© the Phenomena of the Heavens, and of the Ocean, by the 
Power of Gravity; but the Cauſe of Gravity I have not yet 
« afligned.” —— Again, ſpeaking of the Laws of Gravity, he 
« ſays, “ But the Reaſon of theſe Properties of Gravity I 
«© have not been able to deduce from Phenomena, and I frame 


% no Hypotheſes, It is enough that Gravity doth actually 


«« exiſt, and acts according to the Laws I have explained, and 
6 js ſuſficient to account for all the Motions of the heavenly Bo- 
„dies and the Sea.“ Princip. Philoſophie Edit. ztia. Pag. ult. 


A. Pray 


= S' rene 


— 


OFT; ranſparency and Opacity. 109 

A. Pray what is the Cauſe of theſe Qualities? 
B. The Cauſe of Tranſparency is owing to 

that Conſtitution of Bodies which admits the 
Rays of Light to paſs through their Pores in 


| right Lines, and in all Directions whatever; 


and on the contrary, Opacity is the Effect of 
Light obſtructed in its Paſſage through Bodies, 
or of that which is not tranſmitted in right 
Lines. 3 

A. It ſeems to follow from hence, that the 


Matter of tranſparent Bodies muſt be very lit- 
tle in Proportion to their Pores. 


B. Very little indeed; ſo little, that a cele- 


| brated Philoſopher queſtioned whether the 


Quantity of Matter in Glaſs were more in Pro- 
ortion to its Bulk, than one Grain of Sand ta 
the Bulk of the whole Earth TP. | 
A. In what Proportion are Bodies tranſþa- 
rent ? Sara FD 


* Sir aac Newton, in the Propoſitions of his ſecond Book of 
Optics, ſhews——That the leaſt Parts of almoſt all natural 
Bodies are in ſome meaſure tranſparent, and the Opacity of 
thoſe Bodies ariſes from the multitude of Reflexions cauſed in 
their internal Parts. Alſo, that the Parts of Bodies and their 
Interſtices muſt be of a definite Magnitude to render them 
opake and coloured; ſince the opakeſt Bodies, if their thin 
Parts be ſubtily divided, (as Metals diſſolved in acid Menſtruums, 
&c.) become tranſparent. Again, opake Bodies (he ſhew:+) 
become tranſparent by filling their Pores with any Sub- 
ſtance of equal or almoſt equal Denſity with their Parts. Thus 
Paper dipped in Water or Oil, the Oculus Mundi Stone fleeped 
in Water, linnen Cloth oiled or varniſhed, and many other Sub- 
ſtances ſoaked in ſuch Liquors as will intimately pervade their 
little Pores, become by that Means more tranſparent than other- 
wiſe. See more to the ſame Purpoſe in the ſame Place. 

+ Dr. Keill, in his Introduction; Lect. 5 0. Page 67. 
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B. In Proportion to the Rarity and Denjity 
of Matter. 

A. What do you call the Rarity and Den- 
fity of Matter ? 

B. By Rarity is underſtood the Thirnneſs of 
the Particles o Matter ; ; and by Denfty, the 
Thickneſs. thereof; in Ref ſpect 5 the Bulk of 
Bodies, ; 

A. Then the Denſity of Bodies hath Regard 
both to their Matter and Magnitude, I under- 
ſtand by this; but what is the Proportion? 

B. The Denſities of two Bodies are in a Pro- 


portion compounded of the direct Proportion 


of their Quantitics of Matter, and a recipro- 
cal Proportion of their Magnitudes. 

A. I believe I could better apprehend you, 
if you'd pleaſe, Sir, to exemplify this Matter. 
B. Iwill: Thus ſuppoſe A be a Body which 
hath 8 Parts of Matter, and 5 Degrees of 
Magnitude ; and B be a Body having 2 Parts of 
Matter, and 10 Degrees of Magnitude ; then 
the Denf, ity of A will be to the Den/ity of B, as 
W that is, 3 1, or A: B: 8: 

; therefore the Body A's Denſity is 8 Times 
greater than the Der/ity of the Body * 
5 What 


+ Let Fig. LIIT. of Plate VII, fronting Page qq, illuſtrate 
this Example; and fince the Denficies of A and B are in the 
compound Ratio of the Quantities of Matter directly, and of 
their Magnitude reciprocally ; it will follow, 

2. That their Bulks are as directly as the Quantities of Matter 
compounded with the Denfities reciprocally. 

That the Quantities of Matter will be in the compound 
Ratio of the Bulks into the Denſities directly. | 


4. If 


* 


Of Denſity, Rarity, Ke. 111 

A. What Means are thoſe Qualities moſt of 
all increaſed or diminiſhed by ? 

B. Heat and Cold; for Heat by diving, ex- 


tending, and expanding the Particles of Bo- 


dies, doth attenuate and rarify them, and this 
is called Rarefaction; on the contrary, Cold; 
by uniting and contracting the Particles of thin 
Bodies, doth thicken and condenſe them, and 
this is called Condenſation. | 

A. Do not the Hardneſs and Softneſs of 
Bodies ariſe from their Den/ity and Rarity 2 

B. No, Sir: The Hardneſs of Bodies ari- 
kth from the mutual Attraction of the moſt 
minute primogenial Particles of Matter, where- 
by they firmly cohere, and are, as it were, 
conglutinated together : When this Firmity or 


Coheſion of Parts is ſo ſtrong that the Preſ- 


ſure of the Finger will not part or diſplace 
them, then we ſay ſuch Bodies are hard; but 
on the contrary, when they give way, or yield 
to the Touch, we call them ſoft Bodies. 

A. What Figure of thoſe primitive Parti- 
cles of Matter is moſt requiſite to produce 
_— or Firmity of Bodies ? 

The nearer the Figures of thoſe Parti- 
cles „ to the Figures of the five regu- 
lar Bodies, or the greater their Superficies, by 
which they touch one another, the ſtronger 


4. If the Bulks are equal, the Qrantities of Matter in two 
Bodies A, B, will be directly as their Denſities. 
5. If the Denſities are equal, their Bulks and Quantities of 
Matter are directly proportienal. 
6. If the Quantities of Matter in each be equal, the Bulks 
will be in a reciprocal Ratio of the Denſities. 


will 
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will be their Attraction; and conſequently the 
greater their Cohęſion, Firmity, or Hardneſs : 


But by how much leſs Superficies they touch, 
and by how much the eaſier they {lip and flide 


by and over each other, by ſo much the ſofter 


{hall we find the Bodies; and this in various 


Degrees, even to Liquidity. *. 


— = 


A. Is it not alſo to the Size, Shape, &c. bs 


thoſe ſmall Particles of Matter, that the Rigi- 


dity and Flexibility of Bodies are owing ? 

B. No doubt of it, tho it cannot be poſi- 
tively defined : But by the Analogy of Reaſon, 
Rigidity or Stiffneſs of Bodies ſeems to depend 


on two Things: F:r/?, an oblong Square-figu- 


red Set of Particles, which are (ſecondly) une- 
qually placed or jointed together, as thus, 
=) for the Want of Porofity, and the 
mutual Attraction, with the Reſiſtance ariſing 
from the Poſition of Particles, will cauſe N- 


gidity; and by how much leſs Particles are en- 


dued with ſuch Modifications, by ſo much 
the more Bodies are flexible or liable to bend; 
whence their Flexibility . 


See what has been ſaid of the Attraction of Coheſion in 
Note in Page 103. 

+ See further on this Subject,  Beerhaave's Meth. Diſcend, 
Medicinam, C Bartholine's Specim. Nat. Philoſ. Cap. 6. 
Mufjchenbroets Elementa Phyſico-Math. Part I. Cap. 16. J. 
Cleric: Phyſica, Lib. V. Cap. 16, 17. Chamberss Dictionary, 
and Harris's Lexicon, under theſe Words. Rohaulti Phyſica, 
Cap. 22. and Dr. Clarke's Notes at Art. 9. Regnault's Phil. 
Converſ. Vol. I. Conver. 9. with Dale's Notes. And the 
Authors mentioned in Jobnſon's Quæſ. Philoſophicæ, Page 13, 
14, 15, 16, 17, 18. | 
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Of ConS1STENCE and FLUIDITY, HEAT? 
and Col Dp, HuMiDiTy and SicciTy, 


ELASTICITY, Opou ns, and SAPOURS 
: of BODIES, | | 


EF 4. L 7 HAT do you mean by the Confiſ- # 


7 555 tence of Bodies? 
B. That State of Bodies whereby the conſti- 


tuent Particles do naturally keep the ſame Po- 


ſition to each other, and are not to be moved 
or ſeparated, but by ſome coercive external 
Force; whence this Quality is alſo called the 
Fixity of Bodies. | 

A. Whence doth this Fixity or Con/itence 
of Bodies ariſe? E419, | 


B. Undoubtedly from the Figure, Size, and 
Attraction of the conſtituent Particles of the 
fame Sort with thoſe which produce Hard- 


neſs and Rigidity of Bodies. 

A. Is not Fluidity oppoſite to Conſiſtence? 
And doth it not ariſe from contrary Caules ? 

B. Ves: Fluidity is that State of natural Bo- 
dies, whereby their Particles are always in a 
Flow and are equally diſpoſed to move in a- 
ny Direction by the leaſt Impreſſion. _ 

A. What may be the Cauſe of Fluidzty ? 
B. The exceeding Tenuity or Smallneſs, 
Sphericity or Roundneſs, Lubricity or ſmooth 
olipperineſs, and Similarity, or Likeneſs of the 
primogenial, conſtituent Particles of Matter : 
For Particles thus modified muſt always pro-- 


duce a fluid Body, or Subſtance, as Water, 


Fire, &c. 
H 4AM 


* 
_ 
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A. Is there any Difference between Fluidi- 
ty and Liquidity ? | 

B. Yes, a great deal: For Fluidity is a gene- 
ral Name for all Bodies whoſe Parts yield to any 
Impreſſion; and thus a Quantity of Sand as well 
as Water is called a Fluid : But what we pro- 
perly call a Liquid, or Liquor, is only that Kind 
or Species of Fluids which c/eaveth to the Touch, 
or /ticketh to the Finger, &c. which toucheth 
it; and, as we may ſay, wetrteth it, as doth 
Water, or any Kind of Juices. 

A. What may be the Reaſon or Cauſe of 
this Difference ? 16 

B. It is owing to the exceeding Smallneſs 
of the Particles of Liquids above thoſe of fluid 
Bodies; and alſo to their Weight, or Ponde- 
roſity: For, by theſe Means, the Particles of 
Fiquids enter the Pores of the Body which 
toucheth them ; and by their Weight and 
Gravity, cohere to, and abide therein ; and fo 
cauſe Wetneſs *. 

A. Pleaſe now to let me know, Sir, what 
your Sentiments are of Heat and Cold in Bo- 
dies, and wherein thoſe Qualities do conſiſt? 

B. Heat is a Senſation excited in the Mind 
by a great Agitation of the Particles of the hot 
Body, which exerteth its Action or Influence 
on us; ſo that Heat in us is only the Idea there- 
of; and in the hot Body, Activity or Motion, 
and Nothing elſe: No Heat is ſenſible to us, 
unleſs the Motion of the Parts of a Body, which 


The cobeßßve Attraction is herein not a little concerned, as 
will be eaſy to conceive from Note“ in Page 103. ag 
1 4A 


Of Hut, Cold, &c. 2 1175 
acts on us, be greater than the Motion of the 
Organ or Part of the Body acted upon. When 


the Motion of the Parts of the Body is leſs 


than that of our Organs of Feeling, then it 
occaſions in us the Senſation or Idea of Cold 


or Coldneſs. | TE, 

A. Then, if I take you right, Sir, the Rea- 
fon or Difference of Heat and Cold, for Inſtance, 
in Water, lieth in this: That in the firſt Caſe, 
the Particles are by the Fire put into a greater 
Motion and Agitation than is in the Hand 
that feeleth it; and in the latter Caſe, the 
Motion of the aqueous Particles is in a leſs 
Degree than of thoſe in the Hand; and thus 
we find it to be either Hot or Cold . 

B. Ves, that is the true Nature of the Caſe, 
according to modern Philoſophy and manifold 
Experiments. | Im 

A. Pray how do you conceive of Flame ? 

B. As a Fluid, whoſe Parts are ever in Mo- 


+ The Motion here intended is that inteſtine Motion which 
exiſts among the Particles, and in the Pores of any Body, and 


in the Spirits, Blood, and other Juices in the Organ of Feel- 
ing, to which that Body is applied. | 
The Heat of the Sun may be augmented to a prodigious De- 
gee by Means of a Convex Lens or Concave Mirrour. Thus ſup- 
poſe you've a double Convex Lens, 4 Inches Diameter, and 
whoſe Focal Diſtance is 12 Inches; it will be found by Calcu- 
lation, that the Focal or burning Spot of this Lens will be Tf of 
an Inch very nearly. Now ſince Circles are as the Squares of 
their Diameters, the Denſity of the Sun's Rays falling on the 
whole Area of the Glaſs, will be to their Denſity when collect - 
ed into the Focal Spot, as the Square of 4 to the Square of ., 
that is, as 16 to 185 or a8 1600 to 1; and conſequently the Heat 
will in that Spot be Sixteen Hundred Times greater than the com- 
mon Heat of the Sun's Rays, No Wonder, then, they burn with 
ſuch amazing Violence and Ardor ! A Concave Mirrour of the 
ſame Diameter, and Focal Diſtance, will burn ſtill more intenſely, 
becauſe many Rays are loſt by Reflexion on a Convex Lens. | 
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tion, inſenſible, and inconeeivably great; and 
which ſeems to depend on the Air, in its natu- 
ral State; becauſe a Candle will not burn in a. 
duſt, or burnt Air, as is found by Experiment, 

A. Is not Light and Fire pretty much the 
ſame Thing, or of the ſame Nature? 
B. The Particles of Light and Fire agree in 
ſeveral Things, viz. 1. In their Smallneſs: 2. 
their Luminoſity: 3. Their exceeding Activi- 
ty: 4. Their Heat or burning Quality: For 
the Rays of the Sun, collected together by a 
burning Glaſs, burn more violently than any 
common Fire; kindle Wood in a Moment; 
immediately make Iron or Steel red hot; melt 
Silver, Gold, &c. in half a Minute; turn Bones 
into a black Glaſs ; and Brick, Tiles, and Earth 
itſelf, to green Glaſs in an Inſtant; from whence 
we mult infer the Particles of Light and Fire 
are the ſame 4. LY He 

A. This ſeems a juſt Inference indeed : But, 
becauſe we cannot be large on every Head, 
pray give me a {mall Account of the Qualities 
called the Humidity and Siccity of Bodies. 

B. Humidity, or Moiſture of Bodies, is only a 
Mixture of the Particles of Liquor with thoſe of 
the ſolid Matter of Bodies ; thus Particles of 


See concerning the Nature of Heat, Fire, Cold, &c. Boer- 
haave's Chemiſtry, Part I, Page 220, to 276, and Dr, Shaw's 
large Notes thereon. Mr. Boyle's Hiſtory of Cold. Cheyne's Phil. 
Principles, Page 61, 62, 63. De/aguliers's Courſes, Vol. I. Page 
421, to 426. Clare's Mot. of Fluids, Page 225, to 229; alſo 287, 
288. Hales's Veg. Statics, Page 278, 279, 280. Clerici Phyſica, 
Lib. V. Cap. 13. Rohaulti Phyſica, Part I. Cap. 23. Part III. 
Cap. g. cum Annot. Clart. annexis. Chambers's and Harri:'s 
Lexicon, under theſe Words. Regnaul?'s Phil. Conver. Vol. I. 
Conv. 26. and various Numbers of the Phil. TranſaQions. 


Water, 


none are perfectly elaſtic, 


Of Flame, Humidity, Siccity, Elaſticity. 1 17 
Water, mixed with Earth, make it humid and 
moiſt; thus the Juices of Vegetables make their 


Subſtance moiſt : And the Want or Defect of 


this Moiſture, or liquid Subſtance in Bodies, is 
what we call Siccity or Dryneſs ; and which, in 
moiſt Bodies, is occaſioned by the Sun, Fire, 
Wind, &c. by attenuating and rarifying the li- 
quid Particles, and thereby cauſing them to 
fly off in Steam, or inſenſible Vapour. | 
A. In the next Place, pray, Sir, tell me 
what that Property is in Body which you call 
Elafticity ? e 
B. It is that Diſpoſition of ſome Bodies, 

whereby when the Parts of the Body by Pref- 
ſure are put out of their Place and Form, they 


immediately again return to, or recover their 
firſt Poſition and Figure. 


A. Whence doth this Property proceed ? 
B. Tis hard to ſay what are the particular 
Circumſtances of the Cauſe of Elaſticity ; hows» 


ever, tis certainly owing to the ſpecial Figure, 


Surfaces, and Attraction of the Parts of elaſtic 
Bodies. | 
A. Are all Bodies elaſtic ? | | 
B. Yes, in a greater or leſſer Degree; but 
A, Pray what do you call perfect Serre = 
B. That, whereby a Body recovers its Fi- 
gure by the ſame Force it loſt it. 
A. Is there any Thing remarkable in the 
Motion of Bodies derived from their Elaſticity? 
B. Yes: If an elaſtic Body A, ſtrikes a- 
gainſt the firm Bottom CD, obliquely in the 
Direction AF, it will always rebound again in 
the ſame Obliquity FE, or ſo that the Angle 
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EF, ſhall always be equal to the Angle AFC, 
See Fig. XVII. of Plate VIII. fronting p. 120, 
Beſides this, there are nany other Properties 
of the-Motion of ſpringy or elaſtic Bodies, a- 
riſing from their Spring or Elaſticity ; for 
which larger Volumes muſt be conſulted &. 

. 1 A. Well 


In the Percuſſion or Striking of Bodies not elaſtic, there 
are four Caſes, wiz. Ie 
1. If one Body ſtrikes againſt another at Reſt, they will both 
move together in the Directien of the firſt Motion; and the 
Quantity of Motion in the two Bodies will be the ſame as in 
the ſingle one before the Stroke. i Fg 
2. If one Body ſtrikes another moving the ſame Way, but 
flower, they will both continue their Motion in the ſame Direc- 
tion as before; and the Quantity of Motion in both will Qill 
aht | 3 

3. When two Bodies with equal Quantities of Motion, tend 
both directly towards, and flrike each other, the whole Motion 
will be deſtroyed by their Meeting, and the Bodies will be at Reſt, 

4 Two Bedies moving both directly towards each other with 
different Velocities, aſter the Stroke, will both continue their 
Motion in the Direction of that Motion which had the greateſt 
Velocity; and the Quantity, of Motion after the Stroke is equal 
to the Difference of their Motions before it. | N 
Insa elaftic Bodies, other Rules obtain; ſuppoſe two ſuch Bo- 

dies A and B; let A have 3 Parts of Matter, and 8 Degrees 
of Velocity; and B have Parts of Matter, and 2 Degrees of 
Velocity. Then the Qgantity of Motion in A will be 24, and 
that of B 18; Now ſuppoſing theſe Bodies to impinge on each 
other, the Velocity of each after Impact, and the Directions of 
their Motions, may be known as follows: | 

1. Let the Body A impinge on B at Reſt ; then from A take B, 
and multiply the Remainder by the Veloeity. of A; divide this 
Product by the Sum of the Bodies A and B, the Quotient will ex- 
preſs the Velocity of A after the Stroke. As the Body A is leſs, 
equal to, or greater than B; ſo it will be retrograde, or direct in 
Motion after Impact. Thus in the preſent Caſe the Difference of 
A and B is 6, which multiply by A's Velocity 8, the Product is 
483 this divided by the Sum of the Bodies 12, quotes 4, the De- 
grees of Velocity with which A will return back after Impact. 

2. Again, divide twice A's Motion by the Sum of the Bodies, 
the Quotient will be the Velocity of B after Imnpact. Thus 48 di- 
vided by 12 quotes 4, the Velocity of B after the Stroke. ¶ So 15 

x; : tho 
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A. Well then, leaving that, let us proceed 
to what you call the Odours of Bodies; pray 


what are they, or wherein do they conſiſt? 


B. The Odours of Bodies, by affecting the 
Organ of Smelling, vi. the Noſe, do raiſe and 
excite in us the Senſation we call Smell, or Scent : 


tho' the Velocity be the ſame, the Motion in both Bodies is dou 
ble to what it was at firſt in A. | 
3. Let the Bodies both tend one Way, and A follow B; then, to 
the Motion of A add twice the Motion of B, from that Sum ſub- 
duct the Product of A's Velocity multiplied into the Matter in 
B; divide the Remainder by the Sum of the Bodies, the Quotienc 
will be the Velocity of A after Impact. As the Praduct is leer, 
equal to, or 7.2 than the Sum (abovementioned) ſo the Moti- 
on of A will be direct, none at all, or backward after the Stroke. 
4. Again, to twice the Motion of A add the Motion of B, 
from that Sum ſubtract the Product of B's Velocity into A ; 
divide the Remainder by the Sum of the Bodies, the Quotient 
will be the Velocity of B after the Impact. | ; 
5. An Example of each, in our preſent Caſe, is as follows. 
To 24 add 36, the Sum is 60, which I take from'72, (as being 
greateſt) the Remainder is 12, which I divide by 1 2, the Quoa- 
tient is 2 ; ſo that A returns back with one Degree of Veloci- 
ty, having loſt / even. | 1 
6. Again, to 48 add 18, the Sum is 66, from which I take 6, 
the Remainder 60 J divide by 12, which quotes 5 for the Ve- 
locity of B's Motion. | | | 
7. If the Bodies tend the contrary Way, or meet; then from 
the Sum of twice B's Motion, and the Product of A's Velocirf 
into B, take the Motion of A, and divide the Remainder by the 
Sum of the Bodies, the Quotient is A's Velocity after meeting; 
and as that Sum is greater, equal to, or leſs than the ſaid Motion 
of A, the Motion of A will be backward, none at all, or forward, 
8. Again, to the Difference of B's Motion and twice A*s, 
add the Product of B's Velocity into A; divide the Sum by the 
Sam of the Bodies, the Quotient will be the Velocity of B after 


Reflection. 


9. To illeftrate both theſe Caſes by our preſent Example. 
The Sum of 72 and 36 is 108, from which I take 24, the Re- 
mainder 84 I divide by 12, which quotes 7 for A's Velocity 


backward, 24h, To the Difference of 48 and 18, which is 30, 


I add 6, and divide the Sum 36 by 12, the Quotient is 3 for 
B's Velocity the contrary Way. : 

10. Theſe Rules are applicable to all Bodies, and Celerities; 
and whoſoever will, may ſee their Inveſtigation in Xe/Ps In- 
troduction, Le&ure 14. Theor. 29. Prob. 3. | 
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Theſe Odburs of Bodies are nothing but Eu. 


via, or exceeding fine and inſenſible Particles, 
flying off the odoriferous Bodies in all Direc- 


tions; and as they float in the Air, ſtrike a- 


gainſt, and cauſe in our Noſtrils the aforeſaid 
Senſation of Smell. 

A. In what Degree or Proportion are et 
Eqiuvia, or Odours, ſenſible to us? 

B. The Senſation which they excite in us, 
or the Degree or Intenſity of Smell is always 
in Proportion to their Denſity or Thickneſs 
where we are; and this Den/ity always de- 
creaſes in Proportion to the Squares of the 


Diſtance from the odorous Bodies: 


A. Pray, Sir, can you not make this ſome- 
what more evident and plain by Example ? 
B. Ves: Let R repreſent a Roſe, and the Dots 


about it, the Emanations of numberleſs Efluvig 


of Odpurs; now ſuppoſe the Noſe in three ſeve- 


ral Diſtances at A, B, and C, which let be 1, 2, 
and 3 Feet from the Center of the Roſe: Now, 


J fay, the Degree or Intenſity of the Smell, at 
thoſe Diſtances, will decreaſe in Proportion to 
the Squares thereof, I, 4, 9, 7, e. it will be 4 
Times leſs at B than at A; and 9 Times lets at 
C than at A: Do you apprehend it now ? See 
Fig. XVIII. of Plate VIII. fronting p. 120. 


A. Very well, Sir, and am obliged to you; 


But, pray, how comes it about that ſome irra- 


tional Animals, eſpecially ſome Dogs, can 


ſmell any Thing at ſo wuch greater Diſtance 
than we can? 


B. This is entirely owin g to the greater Per- 
fection of that Organ in thoſe Creatures than in 


Man, as sbeing on many Accounts more neceſſary 


in 
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Of Odours and Sapours, 121 

ia them than in us; for in them, God has 

made it one Means to preſerve Life; in us he 

= ms to have deſigned little more than Gra- 
fication and Pleaſure thereby. 

A. Whence do Sapours or Taſtes of Bodies 

Wy ariſe? 

B. From a certain determinate Magnitude 
and Figure of the Particles of the ſapor:fic Bo- 
dy; which in the Make of the Tongue, do 
thereby occaſion the Senſe of Tofte in all Varie- 
ties, according to the different Modification and 
Configuration of thoſe ſaporiferous Particles. 

A. But, what are thoſe Sizes and Figures 
of Particles neceſſary to qualify them to exert 
chis ſaporiſic Virtue, which you ſpeak of? 

B. No Man knows that; we ſhould be con- 
tented to have a general Knowledge, when 
Particulars are denied us; we had better confeſs 
our Ignorance in Naturals, and adore the ſu- 
perlative Wiſdom of God, who hath made it 
his own Prerogative to know all Things ; than 
feign vain or abſurd Hypatheſes, with an ambi- 
tious and impious View of being thought om- 
niſcient, or able to account for all Things +. 

A. I think ſo too indeed, Sir, and aſk Par- 
don for being ſometimes too curiouſly inqui- 
fitive about the Arcana of Nature. 


+ For a more particular Account of Odoriferous Efluvia, and 
the wonderful Sagacity of Dogs, Ic. in Reſpect of this Senſe, 
ſee Boyle on Efluvia, Chap. 4. Alſo for Tafte, and the Cauſes 
and vaſt Diverſity of Tales, read Dr. Grew's Anat. of Plants, 
and the Treatiſes referred to in Note in Page 112, and Note | 
in Page 316. 


B. Sir, we are allowed, yea, tis our Duty, 
to improve our Knowledge, and communicate 


the 
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the ſame to each other ſo far as we are capa- 
ble: And having taken this particular Survey 
of the Properties and Qualities of Bodies; let 
us proceed to a general View of the Univerſe 
compoſed thereof. 


CHAP. XI. 
Of Sir Is a Ac NEwrToN's Laws of Nature, 


B. UT, before we launch out into the 
boundleſs Extenſion of the Univerſe, 
where we ſhall ſee every Thing in Motion al 
about us; it will be proper previouſly to con- 
fider that (though we have already ſeen the 
general Properties and Phenomena of Motion, 
et) there are ſome ſtated certain Rules, or Laws, 
y which all the Motions of all natural Bo- 
dies are conſtantly governed and determined ; 
and by which every Thing relating to Moti 
on may be explained. 
A. How many are thoſe Laws ? 
B. Sir Iſaac Newton has laid down three—, 
A. But, pray, if you pleaſe, tell me why they 


are called Sir Jaac Newton's Laws of Nature? 


B. That is more than I can do: Sir Iſaac 
was not the firſt Inventor of them, ſince, if 
you pleaſe, you may ſee them in Monſieur 
Deſcartes's Philoſophy, which was before Sir 
Jaac's appeared . 

A. Pray What are thoſe 18 ? 

B, The Firft is this: 


+ See Des Cartes Principia P viſe, Part IT. Page 38, 
39, 40. 
LAW 


9 * 
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| e 
All Bodies continue in their State of. Reſt, or 


Motion, uniformiy in à rigbt Line, excepting 


they are obhiged to change that State by Forces 
impreſſed. - 

A, What is the Foundation of this Law? 

B. We ſee all Bodies, by their Nature, are 
inactive and incapable of moving themſelves ; 
wherefore unleſs they be moved by ſome ex. 
ternal Agent, they muſt neceſſarily remain for 
ever ACTIN: . oy: non © | 

A. But why muft a Body in Motion, if left 
to itſelf, for ever ſo continue in a right-lined 
Courſe ? | TE 

B. We know this by daily Experience; for 
when any Body is put into Motion, it conti- 
nues to move in the ſame rectilineal Directi- 
on, and with the fame Velocity; until the 
Reſiſtance of the Air, the Power of its own 
Gravity, the Make of the Body, or ſome o- 
ther external Cauſe, determines it from a 
right-lined Direction, diminiſhes its Velocity, 
and brings it at laſt to a State of Reſt *. | 

A. If this be the Caſe, pray how comes it 
to paſs that the Sun, Moon, Comets, &c. con- 
tinue their Motion ſo long ; have the Regi- 
ons, thro' which they move, no Reſiſtance ? 

* Motion, when once produced in any Body, can never be | 
impeded, diminiſh'd, or deſtroy'd, but from ſomething within 
or without the Body. Now all Experience teſtifies that Matter 
is in itſelf inert, and powerleſs, and ſo abſolutely fo, that it can 
in no wiſe be confidered as the Cauſe of any thing either with- 
in or without itſelf ; conſequently, whatever retards or deſtroys 
Motion muſt be ſomething external to the Body moved ; but 


in a perfect Vacuum there is nothing of any Kind, therefore in 
ſuch a Caſe Motion muſt of Neceſſity be perpetual. 
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B. The Bodies of the Planets and Comets are 
vaſtly great ; and the Spaces, thro' which they 
move, have ſmall Reſiſtance, by which Means 
they conſerve their Motions the longer. 

A. Pray what is the next Law-of Nature 

B. The Second Law is this; f 


LAWII. 


All Change of Motion is proportional to the 
Power of the moving Force impreſſed ; and is 
always made according to the Right Line in 
which that Force is impreſſed, 

A. What do you obſerve from thence ? 


B. That if any Power produceth any Moti- 


on ; another Power, which 1s double, triple, 
Sc. will produce a double, triple, &c. Quan- 
tity of Motion ; whether it be impreſſed toge- 
ther, and at once, or ſucceſſively by Degrees: 
And this Motion (becauſe it is ever determined 
towards the ſame Part with the generating 
Force) is added to the Motion of a Body in 
the ſame Direction by Impact, and it will move 
ſo much the quicker; but it is ſubtracted from 
the Motion of a Body in contrary Direction, and 
therefore that Body will move ſo much the 
ſlower. It is alſo obliquely joined to the Moti- 
on of a Body obliquely moving; and will be 
compounded with it according to the Deter- 
mination of both. Hence a very conſiderable 
Conſequence will follow. | 

A. Pray what is that ? 

B. Why, according to the preſent Conſtitu- 
tion of Things, it follows from this Law, there 


can be no perpetual Motion; for by this Law, 


the 


„ ai oe emu you woe Yd ef 


f the Laws of Nature. 12 5 


the Motion produced is but proportional to the 
generating Force; and all Motions on this Globe 
deing performed in a reſiſting Medium, vig. 
the Air, a conſiderable Quantity of the Motion 
muſt, in the Communication, be ſpent on this 
Medium; and conſequently tis impoſſible the 
fame Quantity ſhould return undiminiſhed up- 
on the firſt Mover, which yet is neceſſary to- 
wards a perpetual Motion : Befides that ſuch a 
Diminution of Motion will be greatly increaſed 
by the conſtant Friction of the Parts of the 
Machine; for there will be more or leſs of that, 
be the Inſtrument ever ſo well contrived, there 
being no ſuch Thing as abſolute Smoothneſs 
or perfect Congruity, in Nature; at leaſt, not 
in any of the Works of Mank. 

A. Pray what is the third Law? 

B. This: 


LAWIII. 


Repulſe, or Reaction, is always equal, and 
in contrary Direction, to Impulſe, or Action, 
i. e. the Attion of two Bodies upon each other 
is always equal, and in contrary Directions. 

A. Can you illuſtrate this Matter a little by 
a familiar Inſtance or two ? | 

B. Ves: Thus, if you preſs a Stone with your 
Finger downward, the Stone equally prefles 
your Finger again upward : If a Horſe draw 


* Concerning a perpetual Motion, the Machine contrived for 
that Purpoſe, and the Reaſons and Arguments which evince the 
Impoſſibility thereof, ſee De/aguliers's Courſe, Vol. I. Page 175, 
to 178. Cheyne's Philoſ. Principles, Page 16, 17. and Chamber:'s 
Dictionary at the Word: With ſeveral other Authors. 


- for- 
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forward a Stone tied to a Rope, the Stone equal 
ly draws back the Horſe ; for the Rope being 
N diſtended both Ways, acts on both 
Horſe and Stone equally: The Anvil ſtrikes 
the Sledge with the ſame Force the Sledge 
ſtrikes it, which therefore rebounds or flies 
back: The Steel draws the Magnet, as much 
as the Magnet draws the Steel; as is evident by 
making both ſwim in Water. When a Barge 

is pulled to the Bank by a Rope, the Bank pulls 

* Barge as much as the Barge-man pulls the 
Bank: And in the Deſcent of heavy Bodies, 
the Stone that falls attracts the Earth as much 
the Earth attracts it; that is, the Motion of the 
Earth is equal and contrary to that of the Stone. 

A. Why theſe are all Paradoxes ſurely ; I 
cannot conceive how it can be, nor believe 
that the Earth moves as much towards the 

Stone as the Stone does towards it, in falling, 


B. But it is true, and is what I proved to- 


you, if you remember, when we diſcourſed of 
the Gravitation of Bodies towards each other. 
I there ſhewed the Reaſon we cannot ſee ſuch 
a Motion of the Earth, is becauſe of the incom- 
prehenſible Diſparity of the Velocities of the 
Stone and the Earth: For, as I ſhewed you 
on the Subject of the Motion of Bodies, the 
the Motions of any two Bodies may be equal to 
each other, when the Velocities of their Motions 
are infini tely different. 


A. Tis true, I remember you did ſo; and 1 


find what creates the Wonder, is only a Miſ- 
taking of Velocity for Motion, which is an en- 
tire different Thing. 
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B. Yes, it is ſo; and in moſt Caſes, were the 
true Nature and Differences of Things well at- 
tended to, we ſhould not be fo liable to inglo- 
rious Wonder and Aſtoniſhment (the conſtant 
Effect of Ignorance) as we too commonly are. 
On this third Law depends all the Doctrine of 
the Loſs and Gain of Motion in Bodies imping- 
ing on each other, according to Note * in Page 
118, But now, let us extend our View over 


the univerſal Space F. | 


+ See theſe Laws of Nature explained more abundantly at large 
in Sir J. Newton's Princip. Page 13. & ſeqq. Graveſ. Elem. 
Math. Book I. Chap. 12. Keill's Las to Nat. Philoſ. Lea: 
XI, XII. Deſaguliers's Courſe of Exp. Philoſ. Lect. V. and An- 
not. thereon. Domkii Philoſ. Newton. Tom. II. Page 15. Ec. 
Cheyne's Philoſoph. Principles, Page 7 to 24. Vorſter's Philoſ. 
Page 45. Webſter's Prin. of Nat. Phil. from Page 45 to 110. 
and various Writers on Mechanics. 


THE 


* 


Phil ophical Grammar. 


Or, VIEW of 


Modern Philoſophy. 


3 


PART II. 
COSMOLOGY: 


CONTAINING, 


I. A general View of the Unzverſe. 
II. The Philoſophy of the Sun. 

I. The Philoſophy of the Moor. 
IV. The 3 of the Planets. 
V. The Philoſophy of the Comets. 

VI. The Philoſophy of the fixed Stars, 


Explaining their Nature, Properties, and AFections, in ſo far as 
they are at preſent known and underſtood, 


PRHAP 1 
Of Coſmology in general, of the mundane Space, of 


a Vacuum, of Duration or Time. 


Wb. do you call the ſecond grand 
Diviſion * the Science of Nature 
Coſmology ? 

B. On Account of the Propriety of the ori- 
ginalt Senſe of the Word, and its Congruity 
with the Things which are the Subjects of the 
Science intended thereby, 

A. What 


ka TH OA 2* a 


The Conſtit. and Parts of the Univerſe, 129 
A What is originally imported by the Word 


Coſmology ? 
B. It is compoſed of the two Greek Words, 


Reus. the World, and Aby. a Diſcourſe; and 


therefore by Coſmology, is implied a philoſophi- 


cal or phyſiological Diſcourſe of the World, or 


Univerſe in general, 
A. In what Manner, or 9 then, do 


you deſign to proceed in taking this general . 


View, or Survey of the Univerſe ? 

B. In the firſt Place, to obſerve the Order 
and Conſtitution of it, ſo far as it is known, with 

the ſeveral Parts thereof great and ſmall. Se- 

condly, we will take ſome Notice of the Mun- 


dance Space; in which, the various Parts or 


Bodies of the Unzverſe do conſiſt, and are 
ſited here and there, Thirdly, we ſhall diſcourſe 

a little of the Nature of Duration or Time, 
webs the Motions of all the Bodies in the 
Untverſe are meaſured, 

A. This will be very delightful indeed, pray 
make a Beginning; what do you firſt obſerve 
in the general Conſtitution or Frame ? 

B. The firſt great Phenomenon of the Uni- 
verſe, which more eminently ſtrikes our Senſes, 
is that glorious Luminary we call the Sun, the 
Source of Light, and Center of our planetary 
Sy/tem, or about which the Chorus of all the 
Planets move. 

A. What, do you ſappoſe the Sun to be the 
Center of the Planets Motions, and not a mov- 
ing Planet itſelf? 

B. Ves; the Sun is in the Center of our Syſ- 
tem, around which the F Planets move. 
dee Eg. XIX. of Plate X. fronting p. 134. 


A. Pray 


— 
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A. Pray which, and how many are thoſe 
you call primary Planets? 

B. They are in Number fix; and their Names 
are Mercury, Venus, the Earth, Mars, Fupi- 
ter, and Saturn; theſe, in different ſtated Pe. 
riods of Time, all revolve about the Sun, in the 
Order I have rehearſed their Names. 

A. But, pray, what becomes of the Moon, 
that you mention her not amongſt the Planets? 
And; how came you to make a Planet of this 
Earth in her ſtead? 

B. lam taught by the modern Phy/iology ſo 
to do; tis very certain the Earth is a Planet, 
and moves about the Sun with the reſt : And, 
as to the Moon, I do not ſay ſhe is not a Planet, 
but not a primary or principal one. 

A. Why, Sir, what Difference do you make 
in the Kind of Planers ? 

B. There is diſcovered a two-fold Kind of 
Planets, viz, There are ſome very great and 
large ones, which regard the Sun as the Center 
of their Motions ; theſe are called primary 
Planets, and are thoſe before named: Again, 
there are other leſſer ones, called Satellites, or 


Attendants, which circulate round ſome prima- 


ry Planet, as their Center; and theſe are termed 
ſecondary Planets, and ſuch an one is the Moon. 


*The Word Satelles is Latin, and with the Romans ſigniſied 
an Officer, Serjeant or Teoman of the Guard of a Prince, whoſe Of- 
fice was to attend and defend his Perſon ; whence the Aſtronomers, 
by an eaſy Metaphor, call a Moon (which conſtantly attends ita 
proper Planet in all his Revolutions about the Sun) a Sarelles, and, 
if there be more than one, Satellites, which is a four Syllable 
Word, viz. Sa- tel-li- tet, and not a. three Syllable one, as it is 
vulgarly though viciouſly pronounced, 


A. Sure 
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A. Sure twill be thought very ſtrange, that 
the Moon (which, next to the Sun, is the greateſt 
Luminary in the Heavens) ſhould be eſteemed 
only as a ſmall ſecondary Planet; the Moon is 
little obliged to your new Philoſophy, being thus 


degraded from her antient ſhining Poſt amongſt 


the primary ones = : 
B. What I ſay on this Head is founded on 
Reaſon, Obſervations, and Experiments ; and 
therefore claims Belief before thoſe Notions 
which depend only on vulgar Senſe; and were 
the Products of a moſt rude and barbarous Age, 
though ever ſo glaring : Remember, all is not 
Gold that gliſters. „ 

A. Well, I am glad to meet with Truth, 
whatever I exchange for it: But what do you 
next obſerve in this wonderous Frame? _ 

B. The amazing Bodies we call Comets; 


which make ſuch prodigious Excurſions into the 


unknown diſtant Regions of the Univerſe, as to 
take up (ſome of them) ſeveral hundred Years 
in making one Revolution about the Sn. 

A. I ſuppoſe, by Comets, you mean blazing 
Stars; and do they likewiſe moye about the 
Sun ? | 

B. Yes; but in Orbits vaſtly eccentric, and 
approaching nearer to the Form of a Parabola, 
than an Ellipſis or Circle. 25 

A. Well, what next to theſe offer for the 
Subject of our Contemplation, in this univerſal 

Scene ? 
B. The fixed Stars, which enamel and be- 
ſpangle the concave Expanſe, or Canopy of 
Heaven ; which, by their Numbers and Luſtre, 
make the Night beauteousanddelightful, which 
I 2 would 


WW 
il 
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would be otherwiſe dark and horrible: And 


thus I have rehearſed to you all the great Parts 


of which the World doth conſiſt, fo far as we 
know any Thing of it“. 


| 3 | 1 4 

* The Syſtem of the World now deſcribed, is not a late Inven- 
tion, but Was known and taught by the wiſe Samian Pythagoras, 
and others among the Ancients, which in after Times was loſt; 
*till in the 15th Century it was again revived by the famous Pol 
Philoſopher Nicholas Copernicus, who was born at Thorn in the 
Year 1473. In this he was followed by the greateſt Mathema- 


_ ©... ticians and Phileſopbers that have ſince lived, as Kepler, Galileo, 


Deſcartes, Gaſſendus, and Sir Jſaac Newton, who has eſtabliſhed 
this Syſtem on ſuch an everlaſting Foundation of Mathematical 
and Phyſical Demonſtration, that neither the Gates of Ignorance, 
nor the Power of Popiſh_Angthima's ſhall ever prevail againſt it, 


The moſt famous of the antiquated Syſtems are two, viz. One 


taught by Prolemy, the Egyptian Aſtronomer, fajd to have lived 
138 Years before Chriſt. The other by the noble Dane, | Tycho 
Brahe, born in Schonen, A. D. 1546. | 


The ProrEMEAN SYSTEM (Fig. XLIV. on Plate IX. front 
ing p. 132.) ſuppoſed the Earth immoveably fixed in the Center 


of the World, about which moved ſeven Planets, vix. The Moon, 
Mercury, Venus, the Sun, Mars, Jupiter, and Saturn; above 


theſe it placed the Firmament of the fix d Stars, then the two 


Cry/talline Spheres ; all which were included in, and received 
Motion from the Primum Mobile, which conſtantly revolved about 
the Earth in 24 Hours from Eaſt to Weſt. But this Rude Scheme 
was too much accommodated to Senſe, to ſtand the Teſt of Art; 


the Mathematicians ſoon perceived it a Medley of the groſſeſt Er. 
rors and Abſurdities, which they rejecting (as fit only for the 


Ignorant, and zealous Bigot) choſe other more rational Methods 
to purſue the grand Diſcovery. if I 9 


The Tx cnontan Sys EM ſucceeded the Piolemenn, but was 


never ſo univerſal: This ſuppoſed the Earth in the Center of the 


World, (See Pe XLV. on Plate IX. fronting p. 132.) or Fir- 


Stars, as alſo of the two Luminaries, the Moon 
and the Sun. But then he ſuppoſes the Sun the Center of the 
Planetary Motions, wiz. of Mercury, Venus, Mars, Jupiter and 
Saturn; theſe, with the Sun, all revolved about the Earth in the 


mament of fix 


N 


Space of a Vear to account for the Annual Motion; and the Earth 


he made to revolve about the Axis every 24 Hours from Weſt to 


Eaſt, to ſolve the diurnal Motion of the Heavenly Bodies from 


Eaſt to Weſt: This Hypothe/75 being partly true, and partly falſe, 
and imbarraſs'd with many Difficulties and Abſurdities, was em- 
braced by few, and ſoon gave way to the only true and rational 
ſolar Syſtem, reſtored by Copernicus, as aforeſaid. 
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The Conftit. and Parts of the Univerſe. 133 
A. Pray what is the Form or Figure of the 


Univerſe? | 

B. It hath no determinate Form or Figure at 1 

all; for aſmuch as it is every way infinite and un- = 
A. What do you call the mundane Space? | 


B. The infinite Space, in which all Bodies of 
the Univerſe have their Place and Being. 

A. Pray what do you properly call Space? 

B. Extenſion without Matter; or, in plain 
Engliſt, a perfect Void, or Vacuity; which is 
better conceived than defined *. | 

A. What is that the Philoſophers call a Va- 
cuum? 
B. A Vacuum is a perfect Void, or Space ab- 
ſolutely devoid of all Body or Matter; as on the 
contrary, they call that a Plenum, when any 
Part of Space is ſo abſolutely filled with Matter, 


as to have no Vacuities therein. bi 
A. Is there any ſuch Thing as a Vacuum in 1 
Nature? N ä = 
B. Yes; only thoſe who have denied their i 


Reaſon, have denied this. | 1 
A. How do you prove a Vacuum? 
B. A thouſand Ways almoſt; but Motion 
evinceth it moſt plainly; for can any one ſup- 
poſe a Body to move in the midſt of Solidity? 


* See Dr. Watt's Enguiry concerning Space, Phil. Flay I. Mr. 


Locke, in his Human Underſtanding, comteſſes he does not know wht 
what it is, nor to what Claſs of Beings to refer it, Hum. Und. B. as 
IT. Chap. 13. 9 17. Sir I. Newton's conſiders Space as the Sen- 4 ff by 


ſorium of the Divine Mind, Prin. Math. Philo Page 528. Op- 
ticks, 2d Edit. Page 379. The Carteſians abiurdly pretend it 
is a Body or Subſtance. And others deny that it has any real 
Exiſtence. See the Authors mentioned in Johnſon's Queſt. Phi- 


bf. Page 169, 170. 
DD. I 3 They 


134 The PHILOSOPHICAL GRAMMAR. 
They who affirm: this, may as rationally affirm 
that a Bird may fly through a Mountain of Ada- 
mant, as eaſily as through the open Air: And 
who ſo blind as not to ſee the moſt monſtrgug 
Abſurdity thereof by this one Argument“? 

A. I think none can deny it indeed, who 
would be thought rational: But, pray, what 
have you to ſay of Duration or Time? | 

B. Duration is the Idea we have of the Con- 

tinuance of the Exiſtence, or Being of Things; 
and in order to eſtimate and meafure the Parts 
thereof, we uſe the Motions of moving Bodies, 
as the Sun, Stars, a Clock, &c. and the Parts of 
Duration thus compared and meaſured, we call 
Time, Times, Seaſons, Ages T, Sc. 


CHAP - 2h 
Of Uranology, or the Doctrine of the heavenly Bo. 
dies; and firſt of Heliograply, or the Philoſophy 


of the Sun, 


1 is the Meaning of the Word 
Uranology? ” | 


It is an old Maxim, that nothing is more difficult than to 
prove the Truth of a ſelf-evident Axiom, or that which is obvious 
to the common Senſe of all Mankind. This is ſufficiently con- 
firmed by the numerous Controverfies on the Subjects of Space 
and a Vacuum; for though nothing is more evident than the Na- 
ture of the one and the Certainty of the other, yet nothing has 
more diſtracted and perplexed the Minds of Philoſophers, as may 
be eaſily ſeen by peruſing the Authors on theſe Subjects referred 
to in Johnſon's Phil. Queſtions, Page 9. 5 

T The Doctrine of Jine is the Subject of Chronology an Ab- 
ſtract of which excellent Science the Reader may find in my Phi- 
lalogical Library of Literary Arts and Sciences. | [ 
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Of the Sun, bis Bulk, Denfity, &c. 135 

B. It is of Greek Original, and is compoſed 
of Ovupaves, Heaven, and Avyas, a Diſcourſe ; 
therefore it ſignifies a Diſcour ſe or Treatiſe of 


the Heavens, or heavenly Regions, and Bodies 


therein. = 
A. Pray what do you call the Heavens, or 
heavenly Regions ? 


B. Thoſe Regions, or Fields of Aber, 
which lie all around us above the Atmoſphere ; 
in which are ſituated all the ſhining Bodies, 
the San, Planets, Comets, and Stars, and where- 
in they perform all their Motions. 

A. Where will it be proper for us to begin 
our Converſations on theſe celeſtial Subjects? 

B. We will firſt begin with Heliography, if 
you pleaſe, „ 

A. I do not underſtand the proper Meaning 
of that Word, pleaſe therefore to unfold it. 


B. By Heliography (as being compoſed of 


"HAog, the Sun, and Tad, a Deſcription) is 
0 be underſtood, a philoſophical Deſcription of 
the Sun. | | 

A. Well, it ſeems very congruous to begin 
with what you make the Center of our Syſtem, 
as you call it ; and pray what do you firſt ob- 
ſerve of the Sun? 

B. The Sun is a huge Body of Light, or 
Fire, whence all the other Planets receive their 
Light; and by whoſe Emanations of Rays and 
Beams of Light, the whole Syſtem of Beings 
about us is illuminated and made viſible. 

A. Can you tell any Thing of the Sun's Bulk ? 

B. Ves: The Diameter of the Sun is com- 
puted 822148 Engliſb Miles; and its Bulk, or 
ſolid Content, at 29097 1000000000000 Miles; 

” " "F' 4 which 
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vVvhich is about 1000000, or a Million of Times 


greater than the Globe of our Earth l. 
A. Stupendous Magnitude! And what, do 
you ſuppoſe it to be all Fire? IL 
B. Yes; and therefore ſome have thought it 


to be the Place of Hell +: However, its Quan- 


tity of Matter is well known ; and the Denſity 
thereof is very conſiderable, | 


* To compute the Diameter of the Sun, his Diſtance from the 
Earth muſt firſt be known, which ſuppoſing his horizontal Pa- 
rallax 10 Seconds, I have found to be 82136014 Miles, in my 
Young Trigonemeter's Guide, Vol. I. Par. 2. Chap. 3. $ 14 

2. Suppoſe then you have a double Convex Lens, as L, (Fig. 
XLVI. on Plate IX. fronting p. 132.) whoſe Focus of parallel 


Rays is at CD, 12 Feet, or 144 Inches diſtant from itſelf ; let 


this Lens be fixed in the Window-ſhut of a darkened Chamber 
to receive the Sun's Rays AL, BL, which coming from the ex- 
treme Parts of the Sun's Body, and interſecting each other in the 
Center of the Lens, will determine the Diameter ofthe Sun's Image 
at CD, which, when you have nicely meaſured, you'll find to be 
1788 of an Inch. The half of which is Ce 88 of an Inch. 


As the focal Diſtance CL 1442.158362 
Is to + the Diameter of the Image Ce o. 67 =. 826074 


$0 is Radius | | 90 00/==10,000000 
To the Line of the Angle CLe OO 16'= 7.6677t2 


Therefore the whole Angle CLD or ALB is 32' Minutes, and 


this is called his {pparent Diameter, becauſe its Diameter appears 


under ſuch an Angle to the Exe. | 
3. Now ſince the Diameter of any 05je@ and its Image, are 
Proportional to their Diſtances from the Lens, the Diameter of 


the Sun will eafily be had by the following Analogy. 


As the Diſtance of the Image CL=144=2.15836z 
To its Diameter CD==r.34=0.127105 
So is the Liſtance of the Sun LA==$2136014<7.914533 
To his Diameter AB==764320==5.883270 


4. Thus his Diameter is found to be /even Hundred fixty four 


Theuſand three Hundred and twenty Engliſb Miles; which is leſs, 
but perhaps truer, than that above aſſign'd. Ten thouſand 
Miles is a trifling Diſtance, and not to be regarded in the Mea- 
ſurement of ſuch immenſe Dittances. | | | 


I See Sauinden's Book on the Nature and Place of Hl. 
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Of the Sun, his Bulk, Denjity, &. 137 
Ai. The Quantity of Matter, pray in what 


Proportion is that to the ſame in other Planets? 
B. The Quantity of Matter in the Sun is to 
that in Saturn, as 1 ooO00 to 33; to that in Ju- 
piter, as 100000 to 92; to that in our Earth, 
as 10000000 to 59. 5 5 
A. In what Proportion is the Weight of 
Bodies on the Sun's Surface? 7 
B. The Weight of equal Bodies on the Sur- 
face of the Sun is to their Weight on the Sur- 
face of Saturn, as 10000 to 529; to their Weight 
on Jupiter, as 10000 to 943; and to their Weight 
on the Surface of our Earth, as 10000 to 43 5. 
A. What is the comparative Denſity of the 
Sun? | © | 
B. The Denſity of the Sun is to the Denſity 
of Saturn, as 100 to 67; to the Denſity of 
Jupiter, as 100 to 94x and to the Denſity of 
our Earth, as 100 to 400, or as 1 to 4; and 
therefore the Fire of the Sun muſt be prodi- 
gious intenſe, yea, almoſt ſolid, as being one 
Quarter of the Denfity of our Earth *. 


A. Why, then the Light and Heat muſt be 


inconceivably great near the Suns Surface 

B. Yes, great indeed: Sir 1/aac Newton faith 
the Sun's Light and Heat, at the Diſtance of 
Mercury, is 7 Times as great as the greateſt with 
us; and therefore our Water there would be for 


* Theſe Proportions of the Matter, Weights of Bodies, and 
Denſities in the Sun, Saturn, Jupiter and the Earth, are taken 
from Sir J. Newton's Principia, Page 405, Where the Diame- 
ters of theſe Bodies are determined to be in the Proportion of 
10000, 791, 997, and 109. 
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ever Boiling-hot, till it was all evaporated, and 
boiled away *. Yo pg 

A. Is the Sun's Body one pure unmixed Sub. 
ſtance of Fire? „ 

B. That none can certainly tell; there hath 
ſeemed Reaſon to doubt it, ſince the Diſcovery 
of the Maculæ Solares, or Solar Spots. 

A. Pray, Sir, what are they ? 

B. The Aſtronomers of late, by proper 
_ Glaſſes, have diſcovered many black Spots in the 
apparent Face of the Sun; ſome ſuppoſe they 
are a heterogeneous Mixture of opake Matter in 
the Body of the Sun, which therefore in thoſe. 
Parts will always appear dark or black. Some of 
thoſe Spots ſeem to be generated in the very 
Middle of the Sun's Disk; and others ſeem to be 
* diflolved and vaniſh there; ſometimes ſeveral 
ſmall ones gather together, and make a large 
Spot; and ſometimes a large Spot is obſerved to 
be divided and cut into many leſſer ones. Some 
Philoſophers have thought they were ſmall 
Planets circulating round the Sun's Body very 
near it; and others have other Conjectures about 
them. They were firſt diſcovered by Galileo, the 
{talian Philoſopher, in the Year 1610+. 

| 1 A. Do 


* Since the Intenſity of Light and Heat are as the Squares of 
the Diſtances reciprocally, and ſince the Proportion of the Diſ- 
tances of all the Planets from the Sun is known, the Proportion 
of Light and Heat at each is alſo eafily known, as is expreſſed in 
the following Synopfit. : 

+ That they who have not had an Opportunity of ee the 
Spots in the Sun, with a Teleſcope or otherwiſe, may have ſome 
proper Idea of them, I have carefully delineated ſuch as appeared 
in the Sun's Face on Aug. the 25th 1737, at 7 in the Morning, in 
Fig. XLVII. on Plate IX. fronting p. 132.) Where the whole - 
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tion, on the Sun's Body ? 


Of the ſolar Spots, the Sun's Motion, &c. 139 
A. Do theſe Spots appear fixed, or in Mo- 
B. They 


cular Area repreſents the Sun's Face; on which you ſee the Spots 
in their praper Magnitudes, and Situations as they then had. 


2. The Number of theſe Spots is always uncertain and varia - 


ble; 'tis ſaid when Galileo, Schinerus, Hevelius, &c. firſt obſerved 


them, that the Sun would frequently. wear one or more of theſe ' 


Spots; But now (ſays Mr. Mo/yneaux, who wrote about 40 or 50 
Years ago) he ſeldom wears any of thoſe Patches, as if they werg 
rown out of Faſhion, one in fwve or ſeven Years hardly appearing. 
et, about the Year 1700, twas not uncommon to obſerve 10, 
16, or 20, and ſometimes more Spots on the Sun's Diſk. And 
now as the Sun is ſcarce ever to be obſerved without ſome, ſo 


they are generally very numerous, it not being difficult to enu-, 


merate 20, 30, or 40 Spots pretty diſtinctly on the Sun's Face, 
beſides many others which appear duſky and obſcure. 

3. As to their Magnitude, that likewiſe is very variable, ſome 
being ſcarcely viſible, and others are fo large even at his Limb 
as to take up an 100 Part of his Diameter, and more; and 
which therefore will be found by Calculation to contain a far 
greater Number of ſquare Miles than the whole Superficies of our 


_ terraqueous Globe. 


4. The Motion of theſe Spots is very irregular, ſo far as I could 
ever yet obſerve ; I could never find that the ſame Spots in the 
ſame Figure, Number, and Order ever returned in any regular 
periodical Manner. And therefore what is here ſaid concerning 
the Motion of the Sun, is wholly on Credit from others. 

5. The Mutability of the Form or Shape of theſe Spots is very 


conſiderable, as is alſo the Variety thereof; being ſometimes long, 
broad, oval, ſeldom round, often angular, and painted in ſeveral , 


_ and. will often vary their Shape while you are obſerving 
them. 

6. Sometimes thoſe Spots decay, and become ſhady, nebulous, 
and of a miſty Appearance, and are at laſt inviſible before they 
go off the Diſk. And thoſe Spots and Nebulæ or Miſts do ſome- 
times ſuddenly ariſe, and as ſuddenly decay and become extinct. 

7. Spots which continue long on the Diſk of the Sun, are ſaid 
often to turn to Feculæ, or exceeding bri ght and flaming Parts, which 
do not continue long on the Sun's Face, before they are extinguiſh. 
ed or diſappear. But theſe Fecvlæ, or flaming Spots, are very rare 
of late, fince I have never had the deſirable Sight of one of them. 

8. The ſagacious Mr, Derbam very rationally ſuppoſes, that 
The Spots in the Sun are cauſed by the Eruption of Vulcano's therein, 
the prodigious Quantity of Smoke, and other opacous Matter, mak- 
ing the dark Spots, which gradually decaying and pending it/elf}, 
makes the Spots degenerate to Umbra, and Nebule ; = e 
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B. They all appear to move from the Euſ. 
tern to the Weſtern Limb of the Sun, in about 
12 or 13 Days. „ 
A. Pray what do you infer from thence ? 
B. Why, was it certainly known (as it is the 
general Opinion) that thoſe Spots were really in 


the Sun's Body; then from their apparent Mo- 


tion, we could be aſſured of the Sun's real Mo- 
tion about its own Axis, in ſomewhat above 25 
Days and 6 Hours ; But if theſe Spots are only 
ſome diſtinct Bodies actually moving round the 
Sun, then we have no certain Knowledge that 
the Sun hath any real and proper Motion at all. 

A. How, Sir, do you ſay no Motion at all: 


pray do we not ſee him move every Day from 


Eaſt to Weſt ? 
B. He ſeemeth, indeed, to us ſo to move: 


but that is one of the Fallacies of Sight, and in- 


deed the greateſt. 
A, What! Sir, will you pretend to fay he 
doth not move? e 


Shade uus and Miſis; laſily, the fuliginous Matter being quite diffi- 
pated, and ſpent, the horrid Flames of the Vulcano appear, and 
make the Feculæ before deſcribed. 

9. In obſerving the Spots, Wc. of the Sun, the beſt Way is to 
uſe a Teleſcope of about 6, 8, or 10 Feet Length, with a /moked 
Glaſs placed before the Eye-Glaſs next the Eye ; if in this Caſe 
the Teleſcope be, and a Micrometer fitted thereto, the Spots 
may with Eaſe be meaſured, and their Appearances obſerved from 
Day to Day. Alſo the Sun's Image may be received into a dark 
Chamber (through a Teleſcope with an Object. Glaſs and one Eye 
Glaſs only) on a Piece of white Paper, which may be magnified 
or diminiſhed as Occaſion requires; this is an eaſy and innocent 
Way, and that which I generally uſe. | 

See much more concerning this curious Subject in the PHil. 
Tranſactions, No 288, 294, 330; or the ſame abridged by Mr. 
Jones, Vol. IV. Page 228 to 245. As alſo in Harris's Lexicon 
under the Word Maculæ. | _ 

B. Yes, 


Of the ſolar Spots, the Sun's Motion, &c. 141 


B. Yes, Sir, there is no Reaſon to think he 


doth move; and there are phyſical Demonſtra- 
tions that he doth not move. 

A, Pray what are they? 

B. One of them is this: That fince the Sun, 


the Earth, and all the Planets, grauitate mutually 


towards each other, they muſt all have one common 
Center of Gravity, about which they muft all move; 
but Sir Iſaac Newton hath ſhewn and demonſtra- 
ted, that this Point, or Center of Gravity, is not 
quite a Diameter of the Sun, diſtant from the 
Sun's Center ; therefore the Earth, and all the 
Planets, move round a Point not half the Diameter 
of the Sun, diftant from the Sun's Surface ; and 
this is the ſame Thing to us, as if the Earth, Sc. 
moved about the Sun itſelf x. 


A, Well, I cannot confute Sir Tſaac, tis 


true; but I can chooſe whether I will believe 
him: Should not I ſooner believe the Word of 
God, and my own Senſes ? 

B. No: A Demonſtration at once commands 
Aſſent, notwithſtanding the /teral Meaning of 
Scripture, and the Evidence of all our Senſes to 
the contrary. No one needs be convinced of 
the Fallacy of Sight, who hath ever been in a 
Ship under Sail ; nor was the Scripture intended 
for a Syſtem of Phyfuology 10 

HRK 


* Principia Math. Phileſ. Lib. III. Prop. 12. & Corol. The 


other Phyſical Demonſtration ofthe Earth's Motion about the Sun, 


ſee in Keil's Aſtronom. Lectures, Page 34, 35, or in the Philoleg. 
Library of Literary Arts and Sciences, Page 300. 

I am ſorry any one ſhould take from hence an Occaſion to 
ſay that I ſpake irreverently or ludicrouſſy of the ſacred Scriptures: 
I think it would be very diſhonourable and ridiculous to urge 
Gem in any Senſe againſt a ingwn and demon/frated Truth of 
any 
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CHAP. III. 
SELENOGRAPHY, or the PHILOSOPHY of the 


Moo m. 


A. HAT is the Etymology of the Word 
y y Selenography ? 

B. It is compounded of £eayvy, the Moon, 
and FeaÞn, a Deſcription ; wherefore it means 
a phyfrological Deſcription of the Moon. 

A. You ſpeak of the Moon in the ſingular, as 
if there was but one; whereas juſt now you 
numbered our Moon with ſeveral others: 
B. Ves, there are ſeveral other Moons, as 
Jupiter hath 4 Moons, and Saturn hath 5 Moons; 
but becauſe we know little more of them than 
their Number, Motions, and Diſtances from 
their primary Planets, we ſhall omit them here, 
and ſpeak of them together with their Primaries 
by and by. — 

A. Well, ſince the Moon is favoured with 
the Preheminence to be conſidered alone; pray 
what do you firſt obſerve in her? 


any kind. I eſtecm the Bible not only juſt Hiſtory of FaQs, but 
a divine Revelation, and the beſt Syſtem of natural Religion in 


being; but I am ſo far from thinking that we are to be directed 


in our Sentiments of natural Science, eſpecially Ph:loſophy and 
Aſtronomy, by the Scriptures, that I am apt to believe thoſe 


Sciences, as they are now and truly underſtood, were entirely - 


unknown to the Writers of thoſe Books. 

Bat if any one gives himſelf the Trouble, he may ſee the Ar- 
guments for the Sun's Motion fairly ſtated, and fully confuted in 
Varenius's Geog. General. Par. I. Lib. I. Cap. 5. Atlas Geog. lu 
troduttion, F 12. Joan. Clerici Phyfica, Lib, I. Cap. 2: & ;. 
Galilzi Sylem. Coſmic. Page 354, 350, 457, 492, 644. Epijtala 

Paul. Anton. Feſcarini, wholly on the Subject. = 5 
8 Et B. 'Tis 
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Of the Moon, ber Dimenfions, and Motions. 1 43 
B. Tis found that the Body of the Moon is 


a large, dark, opake, ſpherical Body, alike to 
our Earth in Matter and Form. 


A. What Proportion doth the Moon bear to 


theEarth in its Magnitude and Den/ity of Matter ? 

B. The Bulk of the Moon is to that of the 
Earth, as 586333000 to 258445900000, or 
as 5 to 258; that is, the Earth is about 50 
Times (at leaſt) bigger than the Moon; the Den- 


ſity of the Moon is to the Denſity of the Earth, 


as 4891 to 4000, or as 11 to 9; the Quantity 
of Matter in the Moon is to that of the Earth, 
as 1 to 40, or as 1000 to 39788, more nearly; 
and the Weight of Bodies on the Moon's Surface, 
is to their Weight on the Earth's Surface, as 34 
to 100 *. | 

A. Can you tell the particular Dimenſions of 
the Moon's Body in Engh/h Meaſure ? 


B. Yes: The Diameter of the Moon is 2 175 


Engliſh Miles, her Circumference therefore 
muſt be 6829 Miles; whence the Superficies 
of the Moon will contain 141 5440 ſquare Miles, 
and her ſolid Content will be 53 8633 3000 cu- 
bick Miles, as before. 55 
A. On what do theſe Meaſures depend? 

B. On the Diſtance of the Moon from the 
Earth; which ſome Aſtronomers make 50, 
ſome 60, ſome 61, Semi-diameters of the Earth, 
that is, about 238920 Engliſb Miles; whence 
the Diameter of the Moon's Orb will be 477840 
Miles, and Circumference thereof 1 5004.18 
Miles; which therefore is the Journey the 
Moon performs every Revolution +. 


| A. Then 

* See Newton. Princip. Philgſ. Page 468, 469. 
+ The Diſtance of the Moon from the Earth is thus 1 
e 
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A. Then you do allow the Moon to move 


about the Earth every Day from Eaſt to Weſt; 
though you deny this to the Sun. 


(See Fig. XLVIII. on Plate IX. fronting p. 132.) Let ABC be 
the Earth, V the Moon in the Zenith, and D the Moon in the 
Horizon : BD is the ſenſible Horizon, and CH the true or ratio- 

nal Horizon. Suppoſe the Moon in that Part of her Orbit neareſt 
the Earth; an Obſerver at B would ſee the Moon in the Line 
BD, but to an Eye placed in the Center of the Earth C, ſhe 
would appear in the Line CD ; the former 1s her apparent Place 
known by Obſervation with exact Inſtruments ; the latter, her 
true Place, and is known from the Theory or, Table : The Dif- 
ference of theſe two Places is found to be 1 2' 10%, and is the 


Meaſure of the Angle BDC, which is called the Moon's Hori. 


zontal Parallax ; the Angle at B is a Right one, and BC is the 
Semi-diameter of the'Earth. Wherefore in the Triangle BDC 
we can eaſily find the Side BD, the Diſtance of the Moon from 
the Obſerver B, by the following Analogy ; bs 
As the Sine of the Angle — D=19®: 2': 10"=8. 257419 
To the Side BC 1 ==0,000000 
So is the Sine of the Angle BCED==882 : 57“: 50"=9.999929 
To the Side DB=55 : 27=1.742510 
That is, the Moon (when neareſt the Earth) is 55 1 Semi. dia- 
meters of the Earth diſtant from the Point B, But a Semi-dia- 
meter of the Earth is 3982 Miles, which multiplied by 55,32, 
gives 2 20085 ,+ Miles her neareſt Diſtance from the Obſerver at 
B. In the ſame Manner you find the Side CD=220344 ,2: Miles, 
her neareſt Diſtance from the Center of the Earth. But her mean 
and greateſt Diſtance is variouſly determined, as above hinted. 
Again, to find the Diameter of the Moon in Miles, let P bethe 
Moon, and O her Center, join CO and PC; then is the Angle 
OCP equal to the apparent Semi-diameter of the Moon at the 
Center of the Earth, which, for the above-mentioned Horizontal 
Parallax, is 16' 52”, (ſee Note “ in Page 136) and CO is equal 
to CD=220344,45 and the Angle at O is a Right one, whence 
the Side PO 1s thus found. | 
As the Sine of the Angle CPO==892 : 43“: 8”==29.999995 
To the Side 


To the Side OP=1079,%=3.033279 
W hich is the Number of Miles in the Semi-diameter of the Moon, 
the double whereof, wiz. 2159, 2 is the Number of Miles in the 
Moon's true Diameter. This indeed is 16 Miles leſs than that 


aſhgned in the Text, but the Difference is too ſmall to be regarded. 


B. The 


CO==220344,3=5.342611 - 
So is the Sine of the Angle —=OCP=16 : 32 . 500663 
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Of the Moon, her Dimenfions, and Motions. 14.6 
B. The Moon doth, indeed, move about 
the Earth, and that in about 27 Days, 7 Hours, 
and 43 Minutes, at a mean Rate: But this Mo- 
tion is not from Eaſt to Neſt, but on the con- 
trary, from Weſt to Eaſt, every Day about 13 
Degrees and 10 Minutes, 1 
A. How comes it then to appear to do thus? 
B. By reaſon of the daily Motion of the Earth 
about its own Axis from Weſt to Eaſt once in 
24 Hours; which maketh the Sun, Moon, and 
all the heavenly Bodies, appear to move the con- 
trary Way from Eaſt to Weſt in the ſame Time. 
A. Pray why do we ſee the Moon riſe and ſet 
above an Hour later every Day than another? 
B. I ſhall make this eaſy to conceive: Thus, 
ſuppoſe T be the Globe of the Earth, WSEN 
the Orb of the Moon; let AD repreſent the Ho- 
rixon, in which let the Moon » be on any Day 
at her riſing and ſetting, in E and W: Now be- 
cauſe the Moon moves every Day about 13? 10“ 
from Weſt to Eaſt, let that Diſtance be repre- 
ſented in the Moon's Orb by WF and EH; 
therefore at the ſame Time, on the following 
Day, the Moon will be under the Horizon at FE 
at her riſing, and above the Horizon at F, at 
her ſetting the Day before: where the Surface 
of the Earth muſt turn from A to B, and from 
D to C, before the Moon will be again in the 
Horizon at riſing or ſetting; which Motion from 
A to B, or from D to C, takes up about an 
Hour's Time, more or leſs, every Day. Sce Fig. 
XXI. on Plate XIII. fronting p. 155 f. 
A Sir, 
＋ In an oblique Sphere, all great Circles interſecting the Egui- 


noctial, will, in the Revolution of the Sphere, interſect the Horizon 
| | © with 


* 
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A. Sir, I thank you; I perfectly underſtand 
you, and the Meaning of this Phenomenon : Pray 
hath the Moon any other Motion? . 

B. Ves: She revolves about her own Axis juſt 
in the ſame Time ſhe performs one Revolution 
about the Earth, viz. in 27 Days 7 Hours 43“ J. 

A. How are you ſure of that? 

B. Becauſe at the ſame Times we always ſee 
the ſame Face or Side of the Moon; but this 
could not happen, unleſs a proper Motion about 
its Axis turned every Day juſt ſo much of the 


Moon's Body to the Earth, as her periodical Mo- 


tions turns from it. 


with different Angles at every different Part thereof. Thus with 
reſpect to the Ecliptic, when the Beginning of Libra is orient, or 
Tiling in the Eaſt, it then makes the greateſt Angle with the Hori. 
zon; when Capricorn isorient, the Angle is mean, and when Aries 
is orient, the Angle is leaſt of all; and therefore when the Moon is 
full in the Beginning of Libra, one Day's Motion depreſſes her far. 
theſt below the Horizon, · and leaſt when in the Beginning of Aries; 
conſequently the Difference of her Riſing each Day at the Verral 


Equinox will be greateſt, and leaſt of all in the Autumnal Eguirox. 


No fince the Moon's Orb interſects the Ecliptic in an Angle 
of about 5 Degrees, when theſe Points of Interſection ſhall happen 


to be in the Equinoxes, a full Moon in the Beginning of Libra 


will riſe later the next Day after by i Hour and about 20 Minutes; 
and in the Beginning of Aries, by the Difference only of about 20 
Minutes. And if the Moon be in Perigeum at ſuch Times, the In- 
tervals of her Riſing will ill be greater in the former Cafe, and 
lefler in the latter. Thus the Autumnal Full Moon riſes near an 
Hour ſooner, the next Day, than the Vernal One; whence by way of 
DiſtinQion, it is vulgarly call'd the Harweft Moon. 

The Revolution ofthe Moon thro' the Zodiac is call'd a La- 
nation, and 12 of theſe Lunations or Revolutions is a Lunar Tear ; 


and which takes up the Space of 354 Days 8 Hours 48 38”. The 


Difference between this, and the Solar Year, which contains 365 
D. 5 H. 48 57” is almoſt 11 Days, which Chronologers call the 
Epatt. See my Philolog. Library, Page 338, 350, Ge. 

And becauſe the Moon's Motion about her Axis is perform'd 
in the ſame Time as about the Earth, the Lanarians have their 
Nycthemeron or Natural Day equal to their Months. 


A. This 


% & La a WES % & 


A. This muſt be a wonderful Harmony and 
Correſpondence of Motions, indeed ! But what 
is the Form of the Moon's Orbit ? 1 5 
B. The Moor's Orbit is elliptical, but is per- 


petually changing, and never continueth the 


ſame Species, or of the ſame Figure. 

A. How ſo? ' e 

B. The Cauſes of Inequalities of the Motions 
of the Moon, and the Form of her Orbit, are 
the different Attractions of the Sun and Eartb, 
the Eccentricity of her Orb, and the Obliquity 
of the Axis of her daily Motion “. ws 

A, I think you agree the Moon receives all the 
Light ſhe ſhines with from the Sun. 


B. Ves, ſhe does ſo; and by Reflection con- 


veys it to us in the Sun's Abſence +. 

A. Pray, Sir, give me leave to aſk what 1s 
the Reaſon why fome Parts of the Moon's Face 
look dark, and others light? | | 

B. The bright Parts of the Moon's Body are 


the more eminent Parts of Land, which refle&t 


the Light of the Sun, as Hills, Mountains, Pro- 
montories, Iſlands, Sc. and the dark Parts of 
the Moon are thought to be Seas, Lakes, Rivers, 
Fens, Cc. by ſome; and by others, they are 
laid to be ſhaded Vallies, Caverns, Pits, Sc. 
But in Truth they repreſent both Water and 
ſhaded Places; for neither of theſe reflecting 
Light muſt appear dark and not bright. 


Concerning the Irregilarities of the Moon's Motion, and her 
compleat Theory, ſee Newton. Princip. Lib. III. Gregory's, Whi/- 


_ton's, and Kiill's Aſtronomy ; alſo Mr, Leadbetter's Books of 


Aſtronomy, 2 
+ The Sun's Light by Reflection from the Moon is ſo very 
weak and effœte, that it cannot be made to produce any ſenfible 


Heat by the beſt of Burning Glaſſes yet made. 
2 A. Then 


1 


Of the Moon's Phaſes, 147 
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tell, becauſe I have thus viewed it many Times 


me now, to gratify you in this Particular ;'how- 


great Queſtion with ſome whether there be an A:mo/phere about 


Varieties of Mountains, Vales, and Seas, as we may ſuppoſe a 


tain, may conſult Mr. Derbam's Aſtro-Theol. Book V. Chap. 
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A. Then you ſuppoſe the Moon to be inhaln 
bited, I find; I have heard there be ſome of tha. 
Opinion. 2 

B. Yes, undoubtedly; to what End elſe ca 
ſerve the Diſtribution of Land and Water 
Mountains and Vallies, Caverns, Pits, &c, 
Beſides an Atmoſphere of Air (and thereby Wind 
Clouds, Rain, and other Meteors of Conſe : 
quence) has been lately diſcovered about it: Ne 
doubt but they ſerve the Purpoſes there as here 
to nouriſh and ſuſtain Men, Beaſts, and Vege 
tables 4. ne op 

A. Indeed, if it be ſo, your Reaſoning and 
Inferences are very juſt: I wiſh I could have tha 
Happineſs of viewing the Face of the Moni 
through a good Teleſcope, for my own Satisfaci 
tion. N 

B. Tis a very great Curioſity indeed; Ic 


I ſhould be glad if the Weather would permit 


ever, to make amends for that, I can ſhewyoul 
the Face of the Moon curiouſly engraven, and 
Juſt as it appears through ſuch a Glaſs, with 
the Names which ſeveral Selenographi/ts have 
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+ That the Moon is inhabited, few have doubted ; but it b 


her, and others flatly deny it. See Hugens's Coſmoth, Book II. 
and K:/Ps Aſtron. Lect. X. | | 


The Moon through a good Teleſcope not only appears per- 
fectly globular when at full, but at other Times to have all the 


Lunarian can behold in our Earth. 
They who would ſee the Manner of Meaſuring a Lunar Moun- 


2. in the Notes, and the Authors there referred to. As alſo my 
Young Trig. Guide, Vol. I. Part II. Chap. 3. Sect. 20. and 
KeilPs Aſtr. Lect. X. Page 107. | 6 
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| given to the ſeveral light and dark Parts thereof. 
ee Fg. XX. on Plate XI. fronting P. 149. 


"CHAP. IV: 


| PLaxrroonAEN or the Pn 1LoS0PHY 
. | — ve PL . 


3 J. IIR A Y What i is the original Meaning of 
the Word Planet? 


It is a Greek Word, Sd Wired from the 


the Engliſb of this Word is, a wandering Star. 
A. I think, I remember, you told me there 


other Secondaries, or Moons, or Satellites. 


viz. Mercury, Venus, the Earth, Mars, Fupiter, 
and Saturn, are principally here intended, as the 
object of our preſent Diſcourſe; and the Secon- 
daries we will only conſider amongſt the Acci- 
dents of the Primaries. | 

A. Well, fince a Planet bath 3 its Name from 
its Motion, we will firſt begin with the Moti- 
ons of the Planets, if you pleaſe: And, pray, in 
© what Order, Fo orm, or Manner, do the Planets 

move ? — 

B. I have dready: ſaid that the Sun is the 


all revolve in different Diſtances; 1 Mercury, 2 
Venus, 3, Earth, 4 Mars, 5 Fupiter, and 6 
Saturn, as you ſee them in the Tolar Syſtem; the 
Form of their Motion is elliptical more or leſs, 
and not perfectly circular; and they all move 
K 3 round 


Verb IAA fi to wander, or tray; whence 
were two S6rts of thoſe Planets, or wandering 
Stars; the firſt you called primary Planets, the 

B. Tis true, [gid: And the primary Planets, 


| Center of our Syſtem, about which the Planets 
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round the Sum in ſuch Manner as 70 deſcribe equat 
Areas of Space in equal Times. 


A. Pray, Sir, if you can, illuſtrate His Mat- 


ter by a Scheme. 

B. Sir, that may be done very eaſily: Thus 
let S be the Sun, ABPCD the ellip tical Orb of 
a Planet P; then the Part of the Oth P 1s called 
the Peribelium, being the neareſt Diſtance from 
the Sun; and the Part A is called the Apheliun, 
as being the fartheſt Diſtance from the Sun; and 
SE is called the Eccentricity of the Planet; and 
as this Eccentricity 1s leſs or greater, ſo the Orb 
of the Planet is leſs or more elliptical. See Fg, 
XXII. on Plate XIII. fronting p. 155. 

A. But you have not yet ſhewed what i 
meant by a Planet's deſcribing equal Areas in e- 
qual Times. 

B. This is no more than to ſay, if the Times, 
in which the Planet moves in his Orb from b 
to C, and from C to D, and from D to A, be 


equal to each other, then the Areas or Spaces 


PSC, CSD, and DSA (deſcribed in thoſe equal 
Times, by Lines drawn from the Planet to the 
Sun) will ao be equal among themſelves, 1 
the contrary k. 

A. But, pray, do you aſſign ſuch very une- 
qual Portions of the Orbit to \ be paſſed over in 
equal Times? Do not the Planets move equal 
Diſtances in their Orbs in equal Times? 

B. No, very far from it; for the Velocity of 
a Planet's Motion is different i in every Part of its 

Orb, — greater, and ſometimes leſs 


By the contrary, is meant only that if the Areas aeſeribed be 
ual among themſelves, the Times in which they were deſcribed 


will allo be equal, See Newten, Princip. Lib, III. Prop. XIII. 
A. How 


The Philoſophy of the Planets. 9 51 


A. How happens that? 

B. By Gravity, or the Sun's Attraction: For, 

- when the Planet is in P, the Sun attracteth it 
moſt ſtrongly; and therefore the Motion there, 
and there-abouts, 1s greater than any where elſe; 
Again, when the Planet is in its Apbelium at A, 
at its greateſt Diſtance from the Sun, it is then 
leaſt affected by the Power of Gravity, and con- 
ſequently the Motion there, and thereby, is the 
leaſt or ſloweſt of any Place in the Orb. Bat, 
when the Motion is ſo unequal, the Arches PC, 
CD, DA, mult needs be fo too, though deſcrib- 
ed in equal Times. | 

A. Sir, I conceive it muſt be ſo now; I did 
not think of the Sun's Attraction: Since there- - 
fore thoſe Areas are always proportional to che 
Times ; pray what ni ne rug of Gravity or 
Attraction will produce this? : 

B. The Power of Gravity is always recipro- 
cally, as the Squares of the Diſtances of the ol 
Planet from the Sun : Thus, ſuppoſe the Di- 1 
ſtances SP, SC, SD, SA, were as the Numbers = 
5, 6, 9, 10, then the Power of Attraction in vi 
thoſe Diſtances would be reciprocally as their = 

Squares, viz. 100, 81, 36, 25, ſo that it would ol 
be 4 Times greater in the Peribelium P, than in "nt 
the Aphelium A; and this is the conſtant Law | 
of all the Planets both primary and ſecondary. 

A. Pray what other Affections are obſerva- 
ble of the planetary Motions ? 
B. The Planets, as T told you, all move about Ti 
the Sun in reality from e i to Eaſt ; and yet ma 
they ſometimes appear to move the contrary 9 


Way, from Eaſt to Weſt, and ſometimes not to 
K 4 move 
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move at all for ſome Time; and thus they are 
ſaid to be direct, ſtationary, or retrograde, 
A. I ſhould be glad if you could explain this 
to my Apprehenfion by a clear and eaſy Scheme, 
B. That I will endeavour to do: Therefore 
et S be the Sun, ACE the Orb of the Earth, 
and FGI a Part of the Orb of any one of the 
ſuperior Planets, ſuppoſe Jupiter; alſo let QRM 
repreſent the Arch of the ſtarry Heavens, where- 
in we ſee and determine the Places and Motiong 


of all the Planets: (See Fig. XXIII. on P 


XIII. fronting p. 155) Now, ſuppoſe the angu-l f 0 
lar Motion of the Earth be ſo much greater than 


that of Jupiter, that while the Earth deſcribes 


the Arch ECA, Jupiter ſhall only deſcribe the KV 


Arch HGF: then 'tis eaſy to conceive, that, 


when the Earth is in E, the Planet at H will 2 


be ſeen amongſt the fixed Stars at M, and ſo he 
will alſo when the Earth is arrived at D; there- 
fore all the Time the Earth is paſſing from E 
to D, the Planet will ſeem to ſtand ſtill about 
M, and is ſaid to be Stationary: Again, when 
the Earth is arrived to C, the Planet will really 
be moved forwards to G, but will be ſeen from 
the Earth at C, amongſt the Stars at N; where- 
fore while the Earth paſſeth Eaſtward from D 
to C, the Planet will appear to move Weſtward 
from M to N in the Heavens, which is back- 
ward; alſo, while the Earth moves from C to 
B, the Planet will ſtill ſeem to move backwards 
from N to O, where it will again be Stationary 
till the Earth comes to A; Do you underſtand 
me? | | 
A. I believe I do: You mean that while the 
Earth paſſes from E to D, and from B to 1 
the 
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e Planet Fupiter will appear not to move in 


ationary: Alſo while the Earth is paſſing from 
WD, by C to B, and though Jupiter really moves 
n his Orb from H to F Eaſtward, yet he will 


intended I ſhonld underſtand it; is it not? 
B. Yes, I am glad to ſee you underſtand this 
ntricate Phznomenon ſo well; and in a like 
ay you may underſtand the ſame of the infe- 
jor Planets. Ft. 
4. Pray what particular affections hath each 
Planet“ 
B. Echp/es are peculiar to the Earth, 2 
er, and Saturn, becauſe thoſe Planets in parti- 
ular have Moons or Satellites moving round 
em, which occaſion thoſe Eclipſes; alſo one 
* bing i is particular or peculiar to Saturn alone, 


ind that is a ſurpriſing Kind of a Ring, encir- 
. the Body of this Planet at a great Diſtance. 


Laſtly, Fupiter hath the Appearance of Belts 
Wirding his Body; and Jupiter, Mars, and Ve- 


us, are found to have dark * on their 


* Diſks, 705 
4. Well, that we may have ſome regular 


now firſt concerning the Nature, Number, 
ad Diſtances of the Moons or Satellite pertain- 
g to the primary Planets. 

B. The Earth hath one Moon, of which al- 
Fady; Jupiter hath 4 Moons, and Saturn 5 Moons : 
he Times in which they ſeverally revolve 
out their Primaries, and their Diſtance in 
Semi- 


| Wi Points M and O; and then he is ſaid to be 


em to us to move from M to O Ye/iward, or 
aclwards; and during that Time is ſaid to be 
3 etrograde : I think this is the Matter as you 


3 of thoſe wonderful Particulars, let me 
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Semi-diameters of the Bodies of Jupiter and 
Saturn, are as here follow : 


In Fupiter, 
r 
1 Satellite Lb: 27 Diſtance 5 RF 4 
2 )%%ͤ \. gom Fae 7. , Smit e 
5 = 7: 3.: 42 (u' Center, | "4 75 (| Joie, 
41 $03.16 : 32 L 25 10 
In Saturn. 
D. H. M. 5 
1 Satellite 1: 21: 18 | 4 175 
2 „%% „ 2 + | Semid. of 
3 4 : 12: 25 f from Saturns 4 3 5 > Saturi's 
4 f |} Leer. - } 8 | Ring. 
5 222 : 4J C2355 


Theſe Moons, and their Afeckions, were all 
diſcovered by Means of the Tele/cope ; and, be- 
fore its Uſe, were unknown to the A= 


tients . 
A. They 


+ In the Beginning of the Year 1665, the famous Chri/; Hu-. 
gens diſcovered the biggeſt of Saturn's Satellites with a Teleſcope nll 
of 12 Feet, and is the fourth from Saturn. The other four Sa- 
tellites of Saturn were all the Diſcovery” of Mr. Ca/jini, the zd 
and 5th in the Year 1671, 1672, and 1673, but the 1ſt and 2d 
were not diſcovered till the Year 1684, by extraordinary Glaſles nn 
of 80, 100, 150, and 200 Feet in Length. K 

2. All Jupiter's Satellites were diſcovered by Galileo, on Jar. nl 
7, 1610; and from that Time to this no more than 4 could ever 
be ſeen. Theſe Moons are eafily ſeen with a 2, 3, or 4 Feet 
Glaſs, eſpecially with ſhort Focus Eye-Glaſſes; but to make exact 
Obſervations of their Motions, a Glafs of io or 1 2 Feet is neceſ· Wil 
ſary ; but a good Reflecting Teleſcope of 4 or 6 Feet is ſufficient 
for viewing or obſerving the Satellites either of Jupiter or Saturn 

3. M. Molyneaux in the Year 1681, Now. 2. at io at Night, ob- 
ſerved a total Diſappearance of all Zupiter*s Satellites at once; Ju- 

| Fir 


x: N rf g OT 


Of the Satellites of Fupiter and Saturn, 155 
A. They are certainly noble Diſcoveries ; but 
Hou ſay they are the Cauſe of Eclp/es to their, 

Primaries; how, I pray you? _- | 
B. This, both in the primary, and alſo in th 
ſecondary Planets, will be beſt underſtood by a 
scheme, ſhewing the Eclipſes of the Earth and 
oon: For, in Fig. XXIV. on Plate XIII. 
fronting p. 155, you obſerve the Earth E, 
in her annual Orb-AB, moving about the Sun ; 
at the ſame Time, you obſerve the Moon 


iter then appearing ſolitary, as it were deſerted by his Guards; 
and a bold Lucia might have pull'd him from his Throne with- 
out Reſiſtance, ſays the jocoſe Author. But they were the 15, 
3%, and 4** on his Face, and the 2! behind his Body, in the 
manner as repreſented in Fg. XLIX. on Plate XII. fronting 
þ. 153. See Mehr. Diopt. Fage 271. Cc. 
4. For the Satellites of Jupiter or Saturn may be rendered 
inviſible to us four different Ways, (ſee Fig. L. on Plate XII. 
fronting p. 153.) Let 8 be the Sun, E the Earth, I Jupiter in 
his Orbit GH, and a, 6, c, d, his four Satellites about him. 
Then, (t.) A Satellite may be eclipſed by Jupiter's Shadow ID. 
(2.) It may be hid behind the Body of Jupiter in the Line IF. 
(3.) It may paſs over the Face of 7u/zter, whoſe greater Light 
will render that of the Satellite inſenſible. (4.) Laſtly, One 
Satellite may paſs before and intercept the Light of another ; 
tho this is a Caſe that very rarely happens. 
$5. Notwithſtanding the Satellites have all a circular Motion 

about their Primary, yet when they are view'd, they appear zo 
be, and to move in a ftrait Line ſituated Eaſt and Weſt. The 
Reaſon whereof is, that fince the Planes of the Orbits of the 
Satellites do nearly paſs thro' the Eye of the Spectator, either 
half of any of their circular Orbits as ABC or ADC, will be 
projected into its Diameter AC, and 1 its Satellite 
with it; and thus the Satellites, if fituated in the Orbit in a, 6, 
c, d, will appear to a Spectator on the Earth at T, in the Right 
Line AC in the Points e, /, g, h. ; 

6. Alſo while the Satellite is in the neareſt Semi- circle CBA, 
he appears to move from Eaſt to Weſtin the Line CA; but while 
he paſſes the remote Semi-circle ADC, he will then appear to re- 
turn from the Weſt to Eaſt along the ſame Line AC; ſo that in 
one Revolution he appears to move twice thro? the Right Line AC. 

7. From hence alſo it appears that the moſt diſtant Satellite 
may appear nearer the Body of Jupiter than the neareſt ; and the 
contrary : which is ſo eaſy to conceive, that I need not perplex 
the Scheme for an Example. | 


moving , 


1 
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moving about the Earth in her Orb: Now 
when the Moon is in Conjunction with the Sun, 
1. e. when the is juſt between the Earth and 
Sun, and is, what we call the New Moon, as at 
M; then *tis evident her Shadow will fall on the 
Earth at E, and conſequently will hide ſome 
Part of the Sun's Body from thoſe who'dwell 
on that Spot; and this what they call an Eclijſe 


of the Sun, but is properly an Eclipſe of the Earth ; # 


for you ſee 'tis the Earth that is really darkened, 
and not the Sun: Alſo tis evident, when the 
Moon is in the oppoſite Part of her Orb at N, in 
direct Oppoſition to the Sun, that then the 
Earth being exactly between the Sun and the 
Moon, will caſt her Shadow on the Moon; and 
the Moon being thus overwhelmed in the Sha- 
dow of the Earth, will appear dark or duſky, 
and is properly ſaid to be then eclipſed, 

A. This, indeed, is fo plain and evident! 
believe none can look on it, and not apprehend 
the Manner and Cauſe of Eclipſes. Pray, can 
you tell the Quantity of Eclipſes? 

B. Ves: The dark Shadow of the Moon co- 
vers a Part of the Earth's Surface, about 180 
Miles in Diameter, and moveth at the Rate of 
2104 Miles an Hour: But the partial or penum- 
bral Shadow extends to the Width of 4900 
Miles: And as to Lunar Eclipſes, the Diameter 
of the Earth's Shadow at the Moon, is near 3 
Times greater than the Diameter of the Moon; 


her 


and therefore the Moon 7, in central Eclipſes of 


+ The Nature of a Solar Eclip/e will be further evident 7 
| M 


od co oo ws. e 


4.4 —_ — % + ww 


N Echpſes. _ 
her Diſk, is totally darkened, or eclipſed, for 
ſome Time. 1 5 5 A. So, 


Fg. LI. on Plate XII. fronting Page 153. where $ is the 


Sun, T the Earth, and M the Moon. From the Extremities of 
the Sun draw CF and CB on one fide, and DE and DA on the 
other, touching and including the Moon's Diameter. Then it 
is manifeſt there will be two kinds of Shadows produced from the 
Moon ; one determined by the Rays CB and DA, and is proper- 

ly call'd the dark Shadow, becauſe an Eye placed with that can- 
not poſſibly ſee any Part of the Sun's Diſk. The other is deter- 


| mined by the Rays CF and DE, and is call'd the Penumbra, or 


partial Shadow, becauſe to an Eye placed therein, the Sun will 
be in part viſible, and partly obſcured ; and as the dark Shadow 
isa Cone, whoſe Baſe is the Moon, ſo the Penumbra Shadow is 
alſo a Cone in a contrary Situation, its Vertex being above the 
Moon at V, and its Baſe at an infinite Diſtance ; tho the Part of 
this Cone above the Moon be only imaginary, and is equal to the 
Cone of the dark Shadow below the Moon. | a 
From a View of the Figure, then, it muſt be plain, that the In- 
habitants of the Earth between P and A will be within the partial 


; Shadow, and will perceive only a part of the Sun eclipſed, which 


partial Eclipſe will be ſo much the greater by how much the Spec- 
tator is near to A. At A the Sun begins to be wholly obſcured, 
and all within the Section of the dark Shadow AB will perceive 
a total Eclipſe of the Sun, which ends at B, where it again be- 
comes partial. And this is the dark and penumbral Shadow, 
whoſe Dimenſions were above given. In ſome New Moons, the 
Latitude of the Moon from the Ecliptic is ſuch, that only the 
penumbral Shadow can fall on the Surface of the Earth, in which 
Caſe there will be only a partial Eclipſe ; and ſometimes the 
Latitude will be ſo great, as to give the Earth Room to paſs by 
the Penumbra. without touching it, and then there will be no 
Eclipſe at all. | 

The manner of repreſenting a Solar Eclip/e in this way is purely 
Fhyfical, or according to Nature; but the more Aſtronomical way 
is that according to Fig. LII. on Plate XII. fronting Page 
153. where the Moon's viſible way AB is repreſented inter- 
ſecting the Ecliptic or Path of the Earth (at the Time of the 
Eclipſe) in the Point J, call'd the Node. The Circle HCI is 
the Surface of the Earth, and D, F, and G the Section of the 
penumbral and dark Shadow of the Moon, as ſeen from the Moon 
on the Earth in the time of the Eclipſe. At D the Shadows are 
juſt entering on the Diſk of the Earth, and the Eclipſe begins; 
the Middle whereof is at F, and at G, the Shadow is got clear off 
the Diſk, and the Eclipſe ends. 

In Fig. LIII. on Plate XII. fronting Page. 153. the Lati- 
tude of the Moon KL is ſuch that the Shadow only touches the 


Diſk, but does not enter or obſcure any Part thereof, In 8 
Caſe 
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A. So, I ſappoſe, Eclipſes happen to Saturn 
and Fupiter, on account of their Moons; and 
likewiſe to the Moons themſelves, as well as to 
our Moon. 

B. Yes; but the Eclipſes of thoſe Planets are 
much more frequent than of our Earth, the 
Number of Moons, and their quick Circulation 
neceſſarily making them ſo; alſo the Eclipſe 
of thoſe Moons or Satellites are very frequent, 
one or the other being continually paſſing thro! 
the Shadow of their Primary. 


A. Well, leaving the Moon and their Eclip/es, # 


pray let me hear a Word or two about the 
wonderful Ring of Saturn that you mentioned 
juſt now. 

B. This moſt ſurpriſing Phenomenon of all 


the viſible World, was firſt diſcovered about 


100 Years ſince: It is of a prodigious Size, 
great Breadth, and vaſt Compals; it is ſaid the 
Diſtance of the inner Border of the Ring, from 
the Body of Saturn, is equal to the Breadthof 
the Ring itſelf, each being computed to be at 
leaſt 21000 Miles; though others make the 


Interval between the "_ and Saturn's Body to 


Caſe the Diſtance K9 is the Limit of the Eclipſe, becauſe 
the Earth within that Limit will receive the Shadow in part 
or whole, and beyond it it will not. Now the Angle AoC 
is variable, and when leaſt the Ecliptic Limit M is great- 
eſt, and when that Angle i is greateſt, the ſaid Limit is leaſt. 
; The Limit, when leaſt, is 14® 6' 30%, and when greateſt, 16? 
3. 46 

After a like manner you conſider an Fc/ip/e of the Moon, Whoſe 
Ecliptical Limits or, Boundaries are, the greatelt 129 2 24.” 3 and 
the leaſt 90 31' 24 


See more . theſe Affairs in Mr. Vhiſton's and Kcills 


Aſtron. * and my Voung Trigon. Guide, Vol. I. Part 
II. Chap. 3. ; 
bo 


2 


Of Saturn's Ring and Jupiter's Belts, 1 59 


be 210265, and the Breadth of the Ring to be 


29200 Miles; its Thickneſs is unknown, as be- 
ing too little for Obſervation; it hath a Variety 
of Aſpects, ſometimes appearing a large Elligſis, 
then a ſmaller; ſometimes only as a ſtrait Line, 


and ſometimes not viſible at all: Theſe are the 


moſt remarkable Particulars of this Prodigy of 
Nature known by us; as to the Matter of which 
it doth conſiſt, that is not known by any: I 


| have given you a Repreſentation thereof in Fig. 


XXV. on Plate XV fronting p. 187 J. 

A, This is aſtoniſhing, and full of Wonder 
and Amazement indeed! But did not you ſay 
ſomewhat of a like Nature pertained alſo to 
Jupiter; pray what are thoſe Belts of his you 
mentioned but now ? | 


B. Thoſe Belf-hike Appearances of Fupiter 
are ſuppoſed to adhere to, or be in the Surface 


of his Body, and not at a Diſtance from it, as- 


the Ring of Saturn is from him ; they are 4 or 


5 in Number, and appear as repreſented on Ju- 


piter's Body in Fig. XXV. on Plate XV. front- 
Ing p. 187. 


A. And, pray, what are thoſe Belts ſuppoſed 


to be ? | 


B. Some have imagined they are long Canals 


of ſome fluid Matter, or Water ; and, becauſe 
they have alſo obſerved ſeveral dark Spots on 
the Diſk of Fupiter, they conclude his Surface 


t The celebrated Galileo was the firſt who diſcover'd any thing 
extraordinary in the Phaſis of Saturn, An. Dom. 1610. October. 
But Mr. Hugens firſt diſcover'd it to be a Ring incompaſſing his 


Body at a diſtance, and publiſhed it to the World, An. 1659, in 


his Book: call'd the Saturnian Syſtem. See more concerning this 


Phenomenon in Dr. Gregory's, Dr. Keill's, and other Books of 
Aftronomy ; as-alſo Mr. Derham's Aftro- Theology. | 


15 


= 


"3 


160 The Py tLos0PHICAL GRAMMAR, 
is divided into Land and Water, as that of our 
Globe is, and is therefore inhabited ; as they 
alſo ſuppoſe all other Planets are &. 

A. Then they imagine the Planets to be ſo 
many Earths, or peopled Worlds ? But do not 
the different Diſtances of the Planets render 
that impoſſible, by occaſioning too great Light 
and Heat in ſome, and too great Cold and 
Darkneſs in others? 

B. Their Bodies, with their ſeveral Organs 
of Senſe, are undoubtedly ſuited and adapted to 
the different Conſtitutions and "Temperaments 
of the Planets, which are the Extremes, by the 
ſame almighty Power, and all-wiſe Providence, 
which hath ſuited our Bodies, &c. to the State 
of this Planet we live on, which is the mean. 

A. What are the different Dimenſions, Re- 
volutions, Denſities, Quantitiesof Matter, Light, 
Heat, Sc. of the ſix primary Planets, we at 

diſcourſing of? 0 : 

B. Theſe will be all ſeen to the beſt Advan- 
tage, and compared in one general View; to 
that End I have drawn up a Synopſis of them 
all together, as you here ſee, all grounded on 
Mr. Whifton's Calculations, which are the molt 
moderate of any : I have moreover drawn the 
fix primary Planers in their true Proportions of 
Magnitude on Plate XV. fronting p. 187. 
Al. Sir, "Tis very good; I take it as a great 

Favour, and humbly thank you, 


I never yet could be ſo lucky as to obtain a Sight of theſe 
Belts and Spots in Jupiter, tho' I have often endeavoured it with 
a Tube 12 and 16 Feet. The remarkable Spot diſcovered by Mr. 
Hook. in 1665, May g*h, atg at Night, is that by which the Mo- 
tion of Jupiter about its Axis is determined to be in ꝙ Hours 56. 
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A SYNO PSIS of divers AFFECTIONS of this P LANE TSF. 


Parallax of the ſuperior Planets 


75 TITLES. SATURN. Ju IT ER. | Mars. EARTH. VENvus. [Mex cuny 

Their 8 in | in Bark Miles ET ee | 5 67870 81 15 4444 : 7964 "_ = 
The Grenference of their Bodies £06 0 2 213112 254908 „ wan e 24823 7 | 
5 T Mir Super ſexes in /quare Miles SER Ps 14468430000 e 62032000 i 106238000 5 1000 do, F 
Their Solidity, or Magnitude, in cubic Miles —| 16 eee 28 1042300000000 enn 264466789070 158445900000] 779 3273000 ; | 

| Their mean Difances from the Sun in Miles — ; 5 5 424000000 26 I $2000008 81 888 80 59000000] 8 320088 F 
The Diameter of their O- 2 in Miles 3 "= hy 889000 : 848000000 246600000 | 162000000 118000000 64000009 3 
The Circumference of their Orbits in Miles —| * 4881891000 HEE 2662280000] 773686000] 508939200 . 370636005 | 20 10 28 ; | 
Their periodical Times es” AE 107598. 6b. 36“ as 325. 1 2h. 20, 6864. 23). 27. 86565 Oo. 2244. 16d, 487! 874. 230 16. , : | 
The Times of their diurnal Motions — — — — — 9. 9. 86. META 40. Hh 23. 56. 8 27 oo. 2 | 
Their daily mean Motions in the Ecliptic — 099. O20. 00”. 009. 04. 505 1 oo. 597, 08. or. 36, 08“ 049. 05, 35. : 1 
The Inclination of their Orbits to the Ecliptic 85 N - at. 20. oo | © or. 2 00. os; oo. OO. oz. 5 00. 06, „ f | 

a The Excentricities of their Orbits —— — 54700] 25050 by 4100c wo 517 5 ol x 

T1 he 8 of Weight on their Surfaces —| ö 30 5 943 N 1 435} * » | + + * - 
The Proportion of their bt _ F 621350 e | 10% 5 ooo 3 : : 
The Denſities of their Maſſes m—_ * | 5 5 W 4000 7 3 
The Quantity of Matter in each — — 33 - 8 F Br ooo » el þ 
Their Properties of Light and Heat — — 1,2 e To 7 ; = 200 5 7 : 
Ther Moons or Satellites — — — — 5 5 ji. © „ . © 8 g 

| Proportion of Diameters to that of the Sun 100c f 1 5 181 6 * 12 5 I 

P rop. mean Diſtances — 2 8 — — + | 953800 1 3 520110 152369 10000 : 2646) 4979 : 
Greateſt Apparent Diameters — =: oe ” 0. 19”. 40”. 1 o. 24". 120% ae LEI, co” is . Sun 10. 5, 58“% of I 17 48”. ; 
In pos Dar — = = | owl ogra ora rp aro r= 
Fact of the Abele 3 „ . 2 99. 3 m 09. 31 547. 80. 1“. 10". 4% 19). 5 45 1 13%. 7.54". 
EEE IE —, — —_ oo 9 210, is; 540 19 wy 19,54% J 180, 7 ͤĩ2 „ „ 21 J 1550058 

The greateſt Elongation of the Inferior, and 60. O. 00 8 115. 419, O.. Oo“ * 7 469. 41, 0% 22% 46. 0 
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of the COMETS, 


Aving thus pretty largely converſed 
Y with the Planets, and viewed their 
arous Natures, Numbers, and Affections; let 
next, if you pleaſe, diſcourſe of the Comets: 
ac, in the firſt Place, pray tell me what the 
roper Meaning of the Word Cdmet is? 
BB. Co x is a Greek Word, derived of the 
erb Kowaw, to have long Locks, or wear long 


vc as it were a long hairy Tail. 
4 Pray what is the Matter or Subſtance 
fa Comes? 
3. Sir Jaac Newton faith the Bodies of Co- 
„or blazing Stars, are ſold, compact, 
ed, and durable Subſtances ; and are, in- 
cd, but a different Kind of Planets, which 
ove about the Sun, and ſhine by the Light 
13 a Sun-Beams reflected from them *. 
How many Sorts of Comets are there ? 
B. Cours receive a Diviſion or Diſtinc- 
on on Account of the different Form of their 
ails: Thus, 
Cometa Crinitus, which caſts forth Beams 
Wike Hair around it. 
W Cometa Barbatus, having a Tail W 
Board, 
Cometa Enfiformis, having a Tail like a Sword, 


* Principia Philiſ. Page 308. PIE 
* A. Why 


ou ToGRAPHY, or the PR IL oSO HL 


8 liſhevelled Hair; becauſe a Comet ſeems to 
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A. Why, Sir, do the Comets appear with 
blazing Tails, and no other Planet or Star do 
ſo? | | 

B. This ſeems owing to ſome peculiar unc- 
tuous Matter in the Bodies of the Comets; which 
by their Approach to the Sun's Body, is prodi- 
giouſly heated, rarified, and made to fly off ina 
fiery Vapour, on that Side oppoſite to the Sun, 
in the Form of a long Tail, growing wider and 
thinner (as all fumy Vapours do) the farther 
it proceeds from the Come?'s Body. 

A. Then you ſuppoſe, I find, that the Comets 
revolve about the Sun, as well as the Planets; 
but, pray, in what Kind of Orbs do they move? 

B. They move, indeed, in ſtated Periods of 
Time about the Sun, in Orbs vaſtly eccentric 
and elliptical, but ſome more, and ſome leſs 
ſo, as their Periods are longer or ſhorter ; the 
Forms of three remarkable cometary Orbs are 
deſcribed in the folar Syſtem beforegoing *, 

A. In what Parts or Regions of the Hea- 
vens do they move ? 

B. Far above our Atmoſphere, or Region of 
Air: Yet when they come neareſt the Sun, they 
all deſcend within the Orb of Saturn; and thoſe 
which come neareſt to the Sun, are nearer than 
even Mercury itſelf : Then from the Sun, they 
make amazing long Excurſions thro' the vaſtly 
diſtant Regions of the Univerſe all Manner of 
Ways, and acroſs the Orbs of the Planets. 
A. How far do you think ſome of the moli 


erratic Comets may rove from the Sun ? 


See the parabolic Orbs of 21 Comets deſcribed in Mr. 
E biſton's Solar Cytem, or the ſame epitomized in Dr. De/ag: 

Courſes, Val. I * a 
8 B. Dr. 


_—— *% „ % E 


Of the Comets, their Motion and DiPance. 165 


B.Dr. Halley has determined the longer Axis 


of the Orb of that Comet, which appeared in 


1680, and whoſe Period is 575 Years, to be 
1382957 Parts, of which the meanDiſtance of 
the Earth from the Sun is 10000 ; wherefore 
ſuppoſing this mean Diſtance to be 81000000 
Engliſb Miles, then the Length of that Comer's 
Orb will be 11201951700, i. e. above eleven- 
thouſand and two-hundred Millions of Engliſh 
Miles; which may be eſteemed as ſo far beyond 
the Sun, the Sun being, as it were, in the very 
Orb itſelf at the hithermoſt End. 


A. The Comets approaching thus near the 


dun muſt ſurely be very hot; and receding a- 


gain to ſuch a prodigious Diſtance, mult there 


be again very cold: Is it not thus, Sz7 ? 

B. Yes, moſt certainly: Sir 1/aac Newton has 
computed the Heat of the aforeſaid Comer, 
when neareſt the Sun, to be 2000 Times hot- 
ter than red hot Iron : But Bodies thus heated 
preſerve their Heat a long Time; tis compu- 
ted that a Ball of Iron as big as the Globe of 
our Earth, would, if red hot, require 50000, 
or fifty-thouſand Years to grow cold in; but 
the Bodies of Comets being vaſtly greater than 
our Earth, can therefore never be cold, at their 
greateſt Diſtance from the Sun . 


L 2 A. And, 


* Since the Diſtance of the Comet Ann. 1680, Decem. 8, when 
it was in its Peribelion, from the Sun, was to the Diſtance of the 
Larth at that time from the Sun, as aboùt 6 to 1000, the Heat of 
the Sun at that time at the Comet was to the Heat of our Summer 


Sun, as 1 000000 to 36, or 28000 to 1. But the Heat of boiling 
Water is about 3 Times as great as the Earth conceives from the 


Sammer's Sun; and the Heat of red hot Iron is 3 or 4 Times ” 
| muc 
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Al. And, pray, can the Places of the Comets 
be found in the Zodiac, as thoſe of the Planets, 
by Calculation? 
B. Ves: That indefatigable Improver of all 
Arts, Dr. Edmund Halley, has, by the Labour 
of many Years, compiled a Sett of Tables 
whereby the Places of above 20 Comets are to 
be determined for any given Time : A Work 
which will endure for ever ; and for which all 
future Aſtronomers muſt acknowledge them- 
ſelves indebted to this great Man . 
A. Pray what do you farther obſerve con- 
cerning thoſe Bodies ? 9 75 
B. We may obſerve, that as they are diſco- 


vered of late Years to be hard ſolid Bodies, 


encompaſſed with an Atmoſphere, and revolve 
about the Sun in ſtated Periods of Time; 
therefore they are a Part of the Moſaic Crea- 
tion, as well as other Planets, and are not to 
be reckoned Meteors, caſually kindled and 
fleeting in the Air, as the ancient Philoſophers 
dreamed. 


A. Well, to end the Diſcourſe of Comets, 
pray tell me in the laſt Place to what Uſe or 
Purpoſe they may ſerve ? | 
B. Some conjecturethey are appointed tode- 


moliſh planetary old Worlds, and to ſupply Ma- 


as that of boiling Water; and therefore the Heat which dry 
Earth would conceive from the ſolar Rays at the Comet in Fr 
ribelis is near 2000 Times greater than red hot Iron. And 
therefore with ſo great a Heat Yapours, Exhalations, and all 
volatile Matter mutt needs be immediately conſumed and diff 
pated. Neawton's Princip. in Loco citato. | | 

This Synop/es of Cometary A fronomy by Dr. E. Halley is ex: 
e y well explained by Mr. /7i//on at the End of his Geom. 

ures. | 


terials 


Of the fixed Stars. 167 


terials again for building them anew ; others 
that they are ſo many Hells to puniſh the 
Damned with perpetual Viciſſitudes of into- 
lerable Heat and Cold; but all is uncertain &. 


CHAP. VI 


| ASTROGRAPHY; or the Pu ILosop HV of the 
fixed STARS. 


A. O you not mean by A/rography, the 
Science or natural Knowledge of 
the fixed Stars? „ | 

B. Yes: It being compoſed of the Greet 
Words, Ag gor, a Star, and FpeOn, a Deſcrip- 
tin (as hath been ſaid often before ;) whence 
ſignifies a phzloſophical Deſcription of the fix- 
ed Stars, 3 | | 

A.Pleaſe to tell me why they are called fix- 
ed Stars? LY 

B. They are ſo called in Oppoſition to the 


8 Planets, or moving Stars; becauſe theſe always 

18 * The latter is Mr. Vi ton's Opinion, as may be ſeen in his 
a Afironom. Princip. of Religion. 

See much more of Comets in Newton's Prin. Matth. Philoſ. 

Lib. III. Prop. 40, 41, 42. Dr. Greg. Aſtronomy, Lib. V. Dr. 

5 | Kills Aftron, Le. 17. Dr. Halley's Synop. of the Aſtron. of 

Comets, Mr. Whifton's Aftron. Principles of Religion. Mr. Der- 

a ham's Aſtro- Theology. Rohault's Phyſics, Part II. Chap. 26. with 


Dr. Clarke's Notes thereon. Joan. Clerici Phyſica, Lib. I. Cap. 11. 
| La Bibliotheque des Philoſophes, Tome prem. Page 362. L' Hiftoire 
4 Naturelle de L' Uniwerſe, Vol. I. Part I. Chap. 2. Iaſtitutio Phi- 
£1 lf. Tom. III. f. 2. Cap. 2. De. Cheney's Philo/. Princip. Part J. 
all Chap. 5. $ 18. Regnault's Philo. Converſat. Vol. III. Converſ. 
20, Page 283. with Mr. Dale's Notes thereon. The Authors 
Cited in Fohnſon's Philoſ. Queſtions, Page 129, 130, 131. Dr. 
Harris's Lexicon and Chamb. Diction. under the Word Comet. 
Dr, Deſaguliers's Courſe, Vol. I. Page 409, 410, 411. 
es 9 © 5 keep 


3 
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keep the ſame Place in the Heaven, and do not 
ſeem to move for many Ages together, 
A. But by this, I think you imply they have 
ſome Motion. | - 

B. The Motion of the fixed Stars is very 
ſmall, not exceeding 50” of a Degree in a Year, 
or one Degree in 70 Years ; and therefore ty 
compleat one Revolution of a Circle is requir- 
ed 25920 Years, after which Time the Stars al 
return again to their former Places: This Peri. 
od of Time they called the Great, or Platoni: 
Year, in ancient Times; and imagined when 
it was finiſhed, all Things would begin again a- 
new, and return inthe ſame Order they do now, 


A. I underſtand by what you ſaid of the di 


urnal Rotation of the Earth, that the Motion 


of the Stars from Eaſt to Weſt each Night, 
is only an apparent one ; but the Motion you 
ſpeak of now, I preſume, is a real and proper 
Motion of the Stars; is it not? | 

B. No, Sir, even this is not real, but apparent; 
being occaſioned by a certain contrary equal 
Motion of the Earth, ariſing from the ſphero:- 
cal Figure thereof, which Figure allo ariſeth 
from the Rotation of the Earth about its Axis*, 

A. Thus much of the Motion of the fixed 
Stars; pray what do you think of their Num- 
ber, is it not infinite ? 


* This is confirmed by Experiment; for if a large armillary 
Sphere be made to turn very ſwiftly about an Axis, the ſaid 
Sphere will very viſibly ſwell out and become more extenced 
in and about the Equatorial Parts, and at the ſame Time be 
contraQted and fink from the Poles ; which will occaſion the 
Sphere to put on an eblete or ſ heroidical Form, ſuch as is here 
aſcribed to the Earth on Account of its rapid diurnal Motion. 
dee Pr. Kill”: Aſiron. Lect. 8. Page 77, 78, 79. ; 

. B. [ 
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B. If they are not infinite, they are certain- 
ly innumerable ; for with a good Teleſcope they 
appear Millions beyond Millions, till by their 
immenſe Diſtance they evade the Sight as aſ- 
ſiſted with the beſt Inſtruments ; but then do 
not miſtake, thoſe which are viſible to your 
naked Eye, are (in the moſt ferene Night) but 
a few, not above 3 or 4 Hundred. 

A. No! That is a ſtrange Doctrine! Do not 
every Man's Eyes declare them innumerable? 
And doth not the Scripture alſo affirm the ſame ? 

B. I know People are not eaſily perſuaded 
to believe this new Notion of the Number of 
the Stars which are viſible, but it is founded 
on Demonſtration ; the Eye is deceived by 
the vehement Twinkling, and confuſed Ap- 
pearance of the Stars: And as to the Scrip- 
ture, it ſpeaketh of the Stars hyperbolically, 
or elſe it meaneth the inviſible Stars, as well 
as thoſe that are viſible; and then, indeed, 
they are numberleſs, as I ſaid before. 

A. Pray how do you know the Number of 
the viſible Stars is ſo ſmall ? . 

B. By aſtronomical Obſervations for many 
hundred Vears paſt, and the Catalogues which 
have been ſeveral Times taken of them. 

A. Catalogues! what, Ipray you, of the Stars? 

B. Yes, the fixed Stars, have been long ſince 
regiſtered in the Records of Aſtronomy : Hip- 
parchus, the Rhodian, about 120 Years before 
Chriſt, was the firſt who made a Catalogue 
of the Stars; his contained 1022: After him, 
Ptolemy enlarged this Catalogue to 1026: U. 


lug B eigbi, the Grandfather of 7. amerlain the 
L 4. Great, 
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Great, made a Catalogue of 1017 Stars : Ty. 
cho determined the Places of 777 fixed Stars, 
and reduced them to a Catalogue: Kepler; 
Catalogue contained 1163: The Prince of 
Heſfs's Catalogue was of 400 Stars: The Je. 
ſuit Ricciolus enlarged Kepler's Catalogue to 
1468 : Tis ſaid alſo that one Bayerus had de- 
ſcribed the Places of 172 5: After this, Here. 
lius of Dantzick compoſed a new Catalogue 
of 1888 : But the largeſt and moſt compleat 
Catalogue ever yet publiſhed of the fixed Szars, 
is that of Mr. Flamſteed, in his Celeſtial Hijte- 
ry, which contains near three-thouſand Stars; 
all whoſe Places and Situations are far better, 
and more exactly determined in the Heavens, 
than the Poſition of many Cities on Earth 
through which Travellers. daily paſs “. | 
A. Well, confidering the many hundred of 
Years Obſervation on the Stars, and the various 
Catalogues made thereof which you have now 
related ; and confidering the moſt compleat 
contains not above 3000 Stars, tho' aſſiſted b 

the longeſt and beſt Glaſſes, I am obliged to 
acknowledge my erroneous Notion of the great 


Number of the vitible ones ; and ſhall next, if 


* What I have here aſſerted concerning the ſmall Number 
of the 47/ile Stars, and the Catalogues of them, is upon the Au- 
thority of no leſs Man than that excellent Aſtronomer Dr. Ki), 
See his Agronom. Lect. VI, Page 51, 52, 53, 54. Where he 
has theſe Wocds—Cf the 3000 Stars in Mr. Flamſteed's Cata- 
logue it is ſeldom that a very good Eye can reckon more than 
one- hrndred together. And, if I miſtake not greatly, the famous 
Flamſteed him ſelf does, in his Hiſtoria Cœleſtis, poſitively aſſert, 
that the naked Eye can't diſcover above 384 Stars in the ſeteneſt 
Night, in both the Hemiſpheres. And the Reader, if he thinks 
fit to take on him the Trouble of counting the vifible Stars, will 
need ho other Reaſon to convince him of his Miſtake in this 
Matter, 

you 
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you pleaſe, aſk your Opinion concerning their 
Diſtance from us ? | 5. 

B. Their Diſtance ! Alas, you can hardly 
enquire about a Thing more unknown, or more 
incredible than what is but imperfe&ly known 
thereof; however to ſatisfy you, take the fol- 
lowing Account : The famous Hugens found 
the brighteſt, and largeſt, and, of Courſe, the 
neareſt of all the fix'd Stars, viz. Syrius, to be 
in Appearance 27664 Times leſs than the Sun; 
and fince their Diſtances are greater, as their 
Magnitudes are leſſer, therefore this Star muſt 
be at that Rate 22 00000000000, 2, e. above 
8 : Millions of Millions of Eng: Miles; which 

is ſo very great, that a Cannon-Ball would ſpend 
almoſt 700000, 7. e. feven-hundred-thouſand 
Years in paſſing through it ; and it is very pro- 
bable that all fixed Stars are equally diſtant 
from each other, in Proportion to the Diſtance 

of the neareſt of them from our Sun. 

A. What are the Grounds of this your O- 
pinion ? . 

B. By the Smallneſs of their Appearance 
thro' the beſt Glaſſes, and the different Degrees 
thereof, I am induced to believe that they are 
not only as far diſtant from each other as from 
our Sun; but alſo that each fixed Star is a Sun, 
ſurrounded by a Syſtem of Planets and Comets, 
and thoſe again furniſhed with different Num- 
bers of Moons, all in the fame Analogy, Order, 
and Proportions of Number, Size, and Glory, 
as we behold in thoſe of our own ſolar Syſtem. 

A. O! amazing and ſtupendous Scene ! Suns 
without Number ; and Worlds turningup upon 
| | Worlds | 
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Worlds! Syſtems of moving Orbs immenſſy 
great, yet inviſible to our Eyes; and all inhabit- 
ed; diſperſed thro all the diſtant Realms of 
univerſal Space ! I am almoſt loſt, yea, quite 
confuſed in my Conceptions ; but, pray, on 
what does ſuch a glorious Hypotheſis depend? 
B. On Ratiocination, and divers aſtronomi. 
cal Obſervations : We reaſon thus; our Sun 
ſhineth by its own native Light, ſo do the 
Stars; ergo, they are Suns: The Sun at the 
Diſtance of a fixed Star would appear no lar- 
ger than a Star; ergo, a fixed Star may be a; 
large as the Sun. None of our Planets at that 
Diſtance could be ſeen at all; ergo, each Star 
may have a Syſtem of Planets, tho' unſeen, 
God hath made nothing in vain. (Axiom I.) 
but nothing is more vain than to pretend My- 
riads of unſeen Stars were made to twinkle un- 
heeded in the unſeen, unknown Regions of the 
Univerſe; ergo, they ſeverally ſerve the noble 
Purpoſes of Light and Heat tas the Planets of 
their Syſtems. As to Obſervation, 'tis well 
known how Stars appear and diſappear after 
certain Intervals ; what can this be but the Al- 
mighty's Hand extinguiſhing old, and kindling 
new Suns? Demoliſhing old, and erecting new 
Syſtems of Worlds? And ſuch undoubtedly was 
the Caſe of our World, and planetary Syſtem, in 
the Moſaic Creation. Our Sun juſt made, 
would have been a new fixed Star juſt appear- 
ing to an Eye in any of the neareſt Stars; ſome 
of our Comets alſo may there appear new Stars 
when in their Aphelia, but in their Return to 
their Peribelia, diſappear again: Thus alſo _- 
IS | Ol 
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of our new Stars may be, and doubtleſs are, Co- 


mets (belonging to ſome Sun) in their utmoſt Ex- 


curſions, which upon their Return, diſappear 


again: Theſe new and extinguiſhed Stars, are 


generally in the Galaxy, or Milky- way; but why 
there more than elſewhere, unleſs, becauſe thoſe 
Parts being repleniſhed with a far greater Num- 
ber af Suns, give, of Courſe, more frequent Oc- 
caſions of theſe Phenomena ? Allo tis well 
known, that the M:/ky-way hath its Complexi- 
on from the united Luſtre of an infinite Num- 
her of fixed Stars, or Suns, in thoſe Parts of the 
Expanſe, which go by that Name: From all 
this it appears, that the Hypotheſis of a Plura- 
lity of Worlds is rational, worthy a Philoſo- 
pher, and greatly diſplays the Wiſdom and re- 
dounds to the Glory of the great Creator and 
Governor, 2 


* A new Star is ſaid to have been obſerved by ns ta 
but its Place in the Heavens was not left upon Record. 

2. On Nowember the 8 h, 1572, a new Star was obſerved to 
appear in the Chair of Ca//iopeia by Cornelius Gemma; it was 
ſeen by Tycho Brahe the 1 Ith of the ſame Month, and in March 
1574 it became extinct. 

3. In Ann. 1640, Sept. 30, the Scholars of Kepler ſaw a new 
Star near the right Leg of Serpentarius, which gradually diſap- 
peared, and was wholly inviſible Jan. 1644. Note, Theſe two 
appeared with the Luſtre of Venus or Jupiter, and not as the fol- 


lowing ; and are therefore thought to be of a different Species. 


4. In the Year 1596, Aug. 3. David Fabricius gives the firſt 
Account of the Stella Mira, or wonderful Star, in the Neck of 
the Whale ; which has been ſince found to appear and diſappear 


periodically, its Period being 7 Revolutions in 6 Years, and is 


never entirely extinguiſhed. 


5. In the Year 1600 William Jan/onius diſcovered another 


new Star in the Neck of the Swan. This in time became ſo 
ſmall, as to be thought to diſappear entirely, till the Years 1657, 
8, and 59, when it recoyered its former Magnitude ; but it 

Low after decayed, and is now one of the leaſt Size. 2 
c n 
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A. I now ſee no Reaſon to heſitate about the 
Truth of this new and noble Doctrine; which 
ſo enlargeth our View of the wonderful Works 
of infinite Wiſdom, by putting the Univerſe 


6. In the Year 1670, Ju 15. OS. Hevelius diſcovered a 
new Star, which in October was ſo decayed as to be ſcarce per. 
ceptible. In April following it regained its Luſtre, but wholly 
difappeared about the Middle of Aaguſt. In March 1672, it wa 
ſeen again, but very ſmall ; ſince when it has been no farther vi. 
ſible. . 

7. The ſixth and laſt new Star was diſcovered by Mr. C. 
Kirch in the Vear 1686, which returns periodically aſter the 
Space of 4042 Days. And theſe are all the remarkable ney 

8. There are in the Heavens ſeveral Lucid Spots, called Nely. 
lz from their iy Appearance; they appear to the naked Eye az 
a dim fixed Star; but thro' a Teleſcope they appear a broad illu- 
minated Space of tber; in ſome > which there is a ſmall Star, 
in others more. Of theſe Næebulæ there are fix diſcovered, wiz, 
9. The firſt and moſt conſiderable in Orion's Sword at pre. 
ſent is in N 199 oo". South Lat. 284 45”. About the Year 1661, 
another was diſcovered in Andromeda's Girdle. Its Long. is m 
24 ©o', and Lat. N. 33 20. 35 

10. The 3d was diſcovered in the Year 1665. and is in Long, 
yp oꝗ 3o'. and Lat. S. oo 30. 

11. The 4th was diſcovered by Dr. Halley 1677, in the 


Southern Hemiſphere, and never riſes in England. 


12. The 5th was diſcovered by Mr. Kirch in 1681, its Long, 
is Vf 9? oO Lat. 17 10 North, 

13. The 6th and laſt was diſcovered by Dr. Halley in 1714; 
its Place is near m 26 30 with 572 oo N. Latitude, See the 
Phil. Tranſ. No 346, 347, and ſeveral Numbers. | 

14. The Conſtellation called the Pleiades, or ſeven Stars, cone 
tains no leſs than 70 or 80 Stars viſible in the Teleſcope ; and 
when J have placed a large Teleſcope againſt one of the Nelu- 
fous Stars, the Glaſs was ſo full of very ſmall Stars, that they 
could not be numbered. From all this I think tis perfectly cer- 
tain, that the whole Univerſe is replete with numberleſs Worlds, 
and Realms of Light of eternal Day, which are intercepted from 
our Sight by the duſky Regions of our Planetary Syſtem. 

15. See more on this Subject in Biſhop Filkins's World in the 


Moon, Fontenelle's Plurality of Worlds, Even. 5. Hugens's Pla- 


netary Syſtem, Mr. Derham's Afro Theology, Introduction, and 
various other Writers of Aſtronomy, 


into 


Of new Stars, the Galaxy; Stars are Suns. 175 
into Signification and Harmony, and peopling 


the ſame throughout with rational Beings : How 
will Poſterity bleſs the divine Diſcoveries and 


Labours of theſe Ages, wherein the dark and 


barren Wilds and Deſerts of indefinite Space, 


have been enlightened by ſuch Millions of Suns; 
ſtored and planted with ſuch Myriads of Pla- 
nets; and cultivated by ſuch endleſs Numbers 
of Inhabitants of every Kind ? 
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PART III. 


AEROLOG YR 


CONTAINING, 


I. The Philoſophy of the Atmoſphere, or Air, 
II. The Philoſophy of the Winds. 

III. The Philoſophy of the Meteors. 

IV. The Philoſophy of cele/izal Appearances, 


Explaining what is hitherto known of their Nature, Cauſes, Pri 
perties, and Efedas. 


EI. 


Qf AEROLOGY in general, or the Pu IL os op 
of A1R, ſhewing its wonderful N ATURE, PR0- 
PERTIES, and EFFECTS. 


A. RAY, Sir, what is the original Signi- 
P fication of Aeorology ? 

B. It is a Word compounded of An, 

Air, and = a Diſcourſe ; and therefore im- 
ports a philoſophical Diſcourſe of the Air. 
A. What are we to underſtand by Air? 

B. That inviſible fluid Subſtance which en- 

compaſſeth the Earth on every Side, which con- 

tains 


Of the Air, its various Properties. 99 


tains the Vapours, Clouds, and other Meteors, 
and which all living Creatures breathe ; the 
whole Body of which is called the Atmoſphere. 

A. Pleaſe, Sir, to let me know why tis 
called the Atmoſphere? . 

B. From the two Greek Words, 'AJuos, a 
Vapour, and E£@aipa, a Sphere; ſo that Atmoſ- 
pbere, in native Engliſb, is a round Body of Va- 
pours ; and ſuch is the Air ſurrounding the 
Earth, as being conſtantly replete with Yapours 
exhaled by the Sun's Rays. 


A. What are the principal Properties of 


the Air? 
B. Theſe which follow: 1. The Arr is fluid, 


yet cannot be congealed like Water. 2. It is 


Pellucid or Tranſparent to that Degree as to be 
| moifible, 3. It may be rarified and condenſed. 
| 4. It is endued with an elaſtic Power or Force. 
5. It hath Yerght or Gravity. 6. It hath proper 
Bounds or Limits, and is not infinite. 7. It is 
neceſſary to Life, Flame, Sound, Light, &c. 
A. How do you know the Air is a Fluid? 
B. It hath all the Properties of a Fluid; is 
corporeal, heavy, its Parts yield to any Force 
impreſſed, and are eaſily moved one amongſt 
another; it preſſeth in Proportion to its Height, 
and the Preſſure is every Way equal: tis evident, 
therefore, that it ought to be reckoned a Huid. 


A. What is the Reaſon the Air is ſo tranſ- 


parent, as to be inviſible ? 

B. Becauſe of the great Poroſity thereof; the 
Pores and Interſtices of Air being ſo very great 
and large, it admits the Light not only in right 


Lines, but in ſuch great and plentiful Rays, that 


the 
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the Brightneſs and univerſal Luſtre thereof, 
not only renders the Air Diaphanous, but en- 
tirely hinders the Opacity of the very ſmall 
Particles of Air from being at all ſeen; and 
therefore the whole Body of Air mult conſe. 
quently be inviſible. 

A. You obſerved next, the Air hath the 
Property of being rarified and condenſed 
pray how is this demonſtrated ? 

B. That Air may be rarified is proved ſeve- 
ral Ways; as thus, if you take a Bladder, en- 
tirely empty as you think, and tie its Neck 
with a Thread, and lay it before the Fire, the 
Heat will ſo rarify the little incloſed Air, as 
to make it extend the Bladder to its utmoſt 
Stretch, and, if continued, will break thro it 
with the Report of a Gun: Alſo, that 4r 
may be ſo condenſed by Art as to take up but 
Part of the Space it poſſeſſed before, i 


proved by various Experiments * ? 


* Since the Air is compreſſed by the Weight of the incum- 
bent Atmoſphere, and the Denſity of Air is proportionable to 
the Force compreſſiag it, it follows by Computation, that at the 
Height of about 7 Miles from the Earth, the Air is 4 Times rarer 
than at the Surface; and at the Height of 14 Miles it is 16 
Times rarer than at the Surface; and at the Height of 21, 28, 
or 35 Miles, it is reſpectively 64, 256, or 1024 Times rarer; 
and at the Height of 70, 140, and 210 Miles, it is abeut 
1000000, 1000000000000, Or I000000000009000000 ; and 
ſo on in a geometrical Proportion of Rarity, compared with 
the arithmetical Proportion of its Height. Newton. Optics, 

age 342. 
: 3%, STO hold Air to be compreſſible in Infinitum. Heat 
rarifies, and Cold condenſes the Air the moſt of any Agents 
whatſoever. : 

It has been found that Air by the bare Force of its Spring will 
dilate itſelf into i 3000 Times the Space it poſſeſſes under the Preſ- 

ſure of the Atmoſphere, and ſince it may be compreſſed into 60 
Times a leſs Space than that; it is plain, it may poſſeſs a Space 
780000 greater at one Time than another; for 13000+60= 


780000. 
A. Pray 
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Experiments on the Air-Pump, &c. 175 
A. Pray how do you prove the Air's Ela- 
T | 
B. By various Experiments of the Air-Pump, 
and otherwiſe: One very plain, is thus; an 
empty Bladder, whoſe Neck is faſt tied, being 

ut into the Receiver, and the external Air 
therein exhauſted, the ſmall Matter of the in- 
| cloſed Air will, by its own proper Spring or 
elaftic Force, gradually expand itſelf, and at laſt 
will ſo extend the Bladder as to break it: Thus 
allo, the Air compreſſed in the Mind Gun will 


by its elaſtic Force (being diſcharged) drive a 


Bullet thro' a Board at the Diſtance of ſeve- 
ral Yards, in the ſame Manner as with Gun- 
powder : Yea, Mr. Boyle hath found that Air 
by its Spring, or Elaſticity, will fo far dilate 
or expand itſelf as to take up 13769 Times a 
greater Space than before : This Power of E- 
| lafticity is as the Denſity of the Air . | 

©. A. Pray 


+ The artificial Fountain or Jet D'eau, is not only a ſufficient 
Proof, but a very pretty Ef: of the Air's elaſtic Force, ſee Fig. 
LIV. on Plate XII. fronting p. 153. Where the Veſſel ABDE 
has a Tube or Pipe DB fixed therein, and communicates with 
the internal Part or Body AB; the Part B is filled with Water, 
and the other Part A with Air by means of an injefting Syringe 
ſcrewed on at C. The Air thus crowded in and condenſed in 
the Fart A, preſſes very hard on the Water B, and forces it up 
the Tube to D, where the Cock being turned, it ſpours 
upright with great Celerity, in a ſmall Stream, to the Height H, 
where being broke and divided by the Reſiſtance of the Air, it 
falls down in a Mi, or Drops like Rain, Of theſe Fountains 
divers Sorts may be found deſcribed in Authors, particularly in 
Mr. Step. S witzer's Introd. to Hydroftatics and Hydraulics, 

2. To this Property of Air is owing the Vacuum made in a Re- 
ceiver placed on an Air Pump. For when the Air contained in the 
Barrels a, , is drawn out by the Emboali c, c, the Air remaining 
in the Receiver o, o, dilating and expanding itſelf by this Power, 


Tultes thro? the Pipe þ, C, to fill the Vacuity of the Barrels, which 
M 75 19 
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of an abſolute Vacuum; and this is indicated by the Mercury ti 
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A. Pray how do you become acquainted 
with the Air's Gravity; 


is again drawn out, and the Air in the Receiver again dilates tu 
repleniſh the Barrels; and by ſuch a Proceſs the Air is rarified ti 
ſach a Degree, as to cauſe moſt of the Appearances and Efe 


ſing in the Tube / by the Preſſure of external Air. 

3. I ſhall here take Notice of that Parvum Nature Mira 
lum (as Robault calls it) or little Miracle of Nature; I mean tie 
Lachryma of Pruſſia or Holland, ſometimes called Prince Rupert 
Drop, and in common, the Glaſs Tear. See its Form in Fig. 
LV. on Plate XII. fronting p. 153. The Manner of making 
it is thus: With a Tube they take up a little of the melted Ma 
ter of Glaſs, and let it drop thence red hot into a Pail of Water 
by which Means it receives its Form, and is ſolid throughout 
except that now and then a few Air Bubbles may appear therein. 

4. This- is the Nodus Philoſophorum, or that which gives Phi 
Toſophers the greateſt Difficulty and Anxiety to account for it 
peculiar Property, which is, that the biggeſt Part or Head « 
the Tear A will ſuſtain the Stroke of an Hammer without break 
ing, bat if the little End or Tail B be broke, the whole Tear 
will fly into Duſt at once, with the greateſt Violence, ant 
cauſe conſiderable Pain to the Fingers which break it. 

5. Some particular Circumſtances render the Drop uncapabli 
of this ſurprizing Property. As, (I.) If the Tear be cooled in th 
Air, it will not break. (2.) Thoſe which are zea/ed will not break 
(3.) If they are ground away on a Grind- ſtone, nothing extraor 
dinary happens, On the contrary, if it be put into an Air-pump 
and there broke, the Effect will be ſo great as to produce Light 

6. Some ſuppoſe this Effect of the Tear 1s produced by a fi 
Air, which being pent up in the Body of the Tear, and ſuddenl 
paſſing into the open Pores of the broken Tail, runs rapidly in 
to a thouſand ſmall Cells, which grow narrower from the Mid 
dle towards the Extremities, which the Irruption of the A 
drives aſunder violently by the Efficacy of its Spring and accele 
rated Motion. See Regnault's Phil. Converſ. Vol. 1. Conv. 24 

7. Dr. Clarke's Opinion is, that Glaſs being a ſpringy Subs 
ſtance, it is probable the Glaſs Drop is broke much after the 
ſame Manner as a Steel-bow fometimes burſts in Pieces, when 
It is looſened on a ſudden, wiz. by the too great Celerity and 
Force of that Motion, which ariſes from the mutual Attraction 
of its Parts, For its Parts from the Center to the Circumſe- 
rence ſeem to be like { many Bows bent. And thence perhaps 
it is, that after it is burſt to Pieces, its Fiſſures are diſpoſed 1 
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The Weight of the Atmoſphere; Iyg 
ZB. By Experiments of the Air-Pump, Ba- 
rometer, Sc. The Weight of the Air is greater, 
the nearer it is to the Earth's Surface: The 
Mercury, by the Prefſute of the Air, is raiſed 
in the Barometer to the Height of 28, 29, 30, 
| or 31 Inches; therefore fuch a Column of 
Mercury is equal in Weight to a Column of 
Air (of an equal Baſis) which proceeds from 
the Mercury in the Tube to the uppermoſt 
Part of the Atmoſphere : Alſo becauſe Mer- 


*# > 


cury is about 14 Times heavier than Water, 


F 


ſo many Radii drawn from the Axis to the Superficies, as Mr. 
| Hook obſerved in a Glaſs Drop covered over with Glue, Notes 
on Rohault's Phyſ. Part I. Cap. 22. ad Art. 52. See Hooke's 

Microg. Obſerv. 7. and abundance in Sturmius's Collegium Cu- 

rioſum. | 

8. The Phænomenon of the little G/afs Men, &c. aſcending and 

deſcending in a little Glaſs Tube of Water, (as AB Fig. LVL 

= on Plate XV. fronting p. 179.) at the Word of Command, 

which looks like a Piece of Conjuration to the Vulgar, is en- 

tirely owing to the Elafticity or Spring of the Air. 

9. For theſe Men being blowed hollow, are thereby rendered 
Jpecifically lighter than Water, and will ſwim in it; and having 
= ſmall! Hole in one Foot, and a Bladder being tied over the Top 
efche Tube, as C, if this be preſſed with the Fingers, the.included 
Air by its Spring will equally prefs the Water, which will en- 
er and compreſs the Air in the Men, and thereby render them 
keavier in any Degree. If they are by this Means brought to be 
Wot equal Gravity with the Water, they will abide in any Situa- 
on therein; if they are rendered heavier by preſſing the Blad- 
der harder, they will deſcend ; then the Fingers being taken 
ff, or the Preſſure diminiſhed, the Spring of the included com- 
Wpreſſed Air forces the Water out of the Men, and thus becom- 
ng lighter they aſcend to the Top; all which Motions are to 
De varied in any Degiee of 2yicknej3 or Sowwneſs. the Perfor- 
mer A pleaſe, which renders it the more ſurprizing. 

10. The Spring of the Air is of a peculiar Nature, for the Time 
df its Exertion will cot alter it, as it does that of Wood or Steel: 
or Mr. 4 Raberwal, of the Acad. Royal of Sciences, - having 
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bot at all abated, but produced the ſame Effect as at firſt. Hf. 
de Þ Acad. 1695. Page 368. * | 


er bis 4ir-Gaz remain charged with condenſed Air 18 Vears, 
found on diſcharging the Gun that the Air's elaſtic Force was 
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therefore Water will riſe in a Tube to 32 or 
23 Feet in Height ; and therefore every Square 
Foot in any Superficies ſuſtains the Weight of 
a Column of Water of 32 or 33 ſolid Feet; 
now a Cubic Foot of Water weighs about 63 
Pounds, hence the Weight of Air on every 
ſuperficial Square Foot, is above 2000 Pound 


Weight 4. A. And, 


+ By the Gravity of the Air we receive ſome of the greateſt 
Advantages of Life; particularly from thence is deduced the 
Invention and Conſtruction of the moſt uſeful Inſtruments, En- 
gines, and Machines, uſed in all kind of Fire and Water Works, 

2. For from thence ariſes the Uſe and Power of that moſt ne- 
ceſſary Engine the Anutlia, or Pump, which is ſaid to be the In- 


vention of Cze/ebes, a Mathematician of Alexandria, about 120 


Years before Chrift. Of theſe there are many Sorts ; the com- 
mon and moſt uſeful one conſiſts of a Pipe AB (ſee Fig. LVII. 
on Plate XIV. fronting p. 179.) open at both Ends, of which 
the End B is ſet in Water, toward the lower Part at C is placed 


_ a Clack or Valve, opening upwards ; in the Part of the Tube 


above works a Piſton ED juſt as big as the Bore of the Tube or 
Pipe, in which alſo is a Valve opening upwards ; this Part D 
is called the Bucket. | | 

3. Now the Reaſon of the Pump's Performance is plain; for 
when the Piſton is forced down ſo as that the Bucket D may 
touch the Frame of the Valve at C, and Water be poured in to 
fill the upper Part from A to C; then- if the Piſton be raiſed 
from C to D, it will lift up a Column of Water equal to the 
Part of the Pipe between C and D, which therefore ,muſt run 
out at the Spout of the Ciſtern at A. 

4. Alſo at the ſame Time there is a Vacuum made between 
C and D, which is immediately filled by the Water ruſhing 
thro' the Hole at C, by the Force of the Preſſure of the Atmoſ- 
phere on the Superficies thereof without the Pipe. The Piſton 
being again thruſt down, the Water between C and D goes thro' 
the Hole of its Bucket, and cloſing the Valve with its Weight, is 
raiſed into the Ciſtern where the Piſton is drawn upwards, and 
there runs out as before, and thus the Action of the Pump may 
be continued in raiſing Water as long as you pleaſe. 

5. On the Gravity and Elaſticity of the Air together, depends 


the Theory of the Fire-Engine in common Uſe. But this has 


been improved to produce a continual Stream in the Manner 
as repreſented in Fig. LVIII. on Plate XIV. fronting p. 179- 
which I ſhall here deſcribe. AB is the Frame or Body of the En- 
give, CC is a ſtrong metal Veſſel, which is cloſe on the = 


A. And, pray, what do you infer from 


thence ? 


B. Why thence it appears, that if we allow 


the whole Surface of a Man's Body (of 6 Feet 


Stature) to be about 14 ſquare Feet, then the 
Weight 


but communicates with two forcing Pumps, or Barrels Dand F, 
at the lower Part; whoſe Piſtons are worked with a common 
double Lever FG moving on the Center H ; the Engine is fil- 
led with Water ſtrained thro? the Grate NN, which by the Preſ- 
ſure of the Atmoſphere is forced into the Barrel D and E, when 
the Piſtons are raiſed up, and a Vacuum thereby made in them, 
in working the Engine. 
6. In the preſent Figure, the Sucker in the Barrel D is drawn 
up, and the Water ruſhing in thro' the Valve at K, while in the 
other Barrel E, the Piſton is forced down, and the Water forced 
thro' a ſmall Paſſage againſt a Valve L, which opens and gives 
it Admittance into the large Veſſel! CC. 
7. The Water being thus forced into the ſaid Veſſel! continu- 
ally by the alternate Action of the Piſtons, does violently com- 
preſs the Air in the upper Part of the Veſſel at O, which by 
its Spring re- acts on the Surface of the contained Water, and 
forces it to aſcend the Orifice of a ſmall Tube P fixed to the 
Side of the Veſſel ; the upper End of this Tube communicates 
with a long /eathern Pipe Q affixed thereto at O, thro' the Top 
of which at R the Water ſpouts with great Force in a continual 
Stream, which is directed by a Perſon at 8, to the Fire, or any 
other Place as Occaſion requires. All which is plain ig the Fi- 
gure which I have taken from Mr. C/are's Plate III. in his 
Motion of Fluids; tho? I have ſeen a much better Conſtruction 
of this Engine by an Artificer in this City; and wiſh I had a 
Draught of that to preſent inſtead of this. 1 
8. On this Principle it is, that the Mercury or Quickſilver riſes 
to the Height of near 31 Inches in the Barometer; for the Preſ- 
lure of the Atmoſphere forces ſo much Quickſilver into the Ya- 
cuum of the Tube as will counter-balance its Power, as is evident 
from the Conſtruction of this Inſtrument in Note I in Page 23. 
9. The Syphon or Crane has from hence alſo its Ule ; fee Fig, 
LIX. on Plate XIV. fronting p. 179. For the End A being 
immerſed in a Veſſel of Water, if the Air be exhauſted from 
the Syphon at the Pipe D, the Water in the Veſſel by the Preſ- 
ſure of the Air on its Surface, will inſtantly riſe and fill the Ca- 


% 


vity of the Syphon: Now if the other End of the Syphen were 


at C in an horizontal Level with the End A, then the Preſſure 
of the Air on each End would be equal, and conſequently the 


Water would be ſuſtained in the Tube without running out at C. 
M 3 10. But 


\ 
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182 The PTILOSOPHICAI Grammar: 
Weight of Air preſſing on the Body of fuch a 


Man is equal to 28000 Pounds, or 2 5o hun- 


dred Weight; that is 12 Ton and a half: Alſo, 
fince the Number of ſquare Miles on the Earth's 
Superficies is computed 1992 50205, and in one 
ſquare Mile are 27878400 ſquare Feet, the 
ſquare Feet on the Earth's Superficies will 
be ſomewhat above 5547 800000000000 ; 


whence the Weight of the whole Atmoſphere, 


10. But fince the Part BE is longer than the Part BA by the 
Length CE, and the Cylinder of Water CE beiog far more heavy 
than the ſame Cylinder of Air, *tis plain the Preſſure of the Air, 
or its Effe& at the Point C, is thereby very much weaken'd and 


abated, and therefore the Equilibrium in the Point B being thus | 


deſtroyed, the Water will run over and flow towards E. 

11. By the Preſſure of the Air it is that Water in Reſervoirs 
is forced to enter the Conduit-Pipes, and is thereby carried to 
any Conduit, Houſe, or other Place, below the horizontal Level 
of the Surface of the Water in the Reæſerwoir or Fountain, be 
the Diſtance what it will. 

12. The Fire rarifying and attenuating the Air in the Chim- 
nies cauſes it to aſcend the Funnel, while the Air in the Room, 


by the Preſſure of the Atmoſphere, is forced to ſupply the Va- 


cancy, ruſhes into the Chimney in a conſtant Torrent, excites 
the Fire to burn with great Vehemence in Stoves, and buoys 
up the Smoke aloft in the ſuperior Air. 

13. Nor does that common Utenſil, the Bellows, act on any 
other Principle than the Pre/ure of the Air; for the upper Part 
being lifted up, raiſes the Column of Air off the bottom Part, 


and thus making a Vacuum within, the Air ruſhes in thro' the 


Hole in the lower Part, and being compreſſed by forcing down 
the upper, it ſhuts cloſe the Valve within, is protruded with 
great Force and Violence through the Pipe or Noſe of the 
Bellows. See a Calculation of this Kind in Mr. Hale's Stati- 


cal Eſſays, Vol. II. Page 329,330. 


14. Thglaſt Effect of the Airs Gravity] ſhall here mention, is 
the moſt Important of all, as being the immediate Inſtrument of 
Life, I mean the Acts of Iaſpiration and Expiration in Animals; 
for in the Dilatation of the Thorax, the Air by the Preſſure of 
the Atmoſphere is forced into the Cavity of the Lungs, which we 
are then ſaid to breathe in, or inſpire ; but when the Muſcles 
contract, the Air is expelled, and we are then ſaid to breathe it 


out, or expire it. And this alternate Action of the Lungs is Maint . 


tained by the Air's Preſſure, and is abſolutely neceſſary to Life. 
| ES | or 
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The Weight of the Atmoſphere. 18 * 

na or its Preſſure on the Superficies of the whole 
Earth, is more than 1109 56600000000000000 
o. Pounds, or much about 5000000000000000 
wh Tons; that is, the Atmoſphere compreſſeth 
90 the Earth with a Force, or Power, nearly equal 
"4 l Five-thouſand Millions of Millions of 
; ons. 
N A. This is extremely wonderful! But, pray, 
how happens it that Men, Beaſts, Houſes, 
c. are not cruſhed to Pieces, if they are preſ- 
he ſed with ſuch an intolerable Weight of Air? 


7 B. By the Equilibrium of the internal Air, 
cor the Air within all Bodies; which though 
it be ſmall, and not worth naming, yet, can 
5 balance, reſiſt, and equiponderate the Force of 
to the external Air (as is proved by various Ex- 


periments) how great a Quantity ſoever it be : 
The Experiments of the Air-Pump which 
„confirm this are very ſurprizing. 
A. I think, Sir, all you have ſaid of the 
Weight and e of the Atmoſphere, or Air, 
is full of Aſtoniſhment ; can you tell any 
Thing of the Height Fit? 
B. Nothing certainly can be determined about 
that, becauſe the higher you go, the rarer the 
Air is; and there being no certain Means to 
determine in what Proportion the Air becomes 
rarer and rarer through the whole Extent there- 
of, there can of Courſe be no preciſe Account 
of its Altitude: However, they compute the 
Air at the Height of 42 Miles, to be 4096 
Times more rare, or thin, than with us; and 
this being next to nothing, the Height of the 
Air may be reckoned about 40, or 45 Miles. 
IE M 4 Agreeably 


184 The PHIilLoS0PHICAL GRAMMAR; 
Agreeably hereto, Dr. Keill hath. calculated 


its Height to be 44 Miles ** an Obſervation 


of the Twilight *. 

A. Pray what other very remarkable Pro- 
perties hath the Air? 

B. It is not only the Means, but as it were 


the Matter of Life itſelf, and therefore abſo- 


lutely neceſſary. 
A. How do you ſhew it to be the Means 
of Life ? 

B. By putting certain Animals into the ex- 
hauſted, Receiver; where it is ſurpriſing to 


ſee the Effects of withdrawing the Air by the 


Pump on the Bodies of thoſe Creatures : You 
will thus ſee Dogs, Cats, Rats, Mice, &c. turn 
up and expire in half a Minute, and look ex- 


tremely thin and meagre : A Mole dieth in one 


Minute: . Inſe&?s, as Waſps, Bees, Hornets, 
Graſhoppers, &c. in two Minutes ſeem dead; 
and will continue a whole Day and Night 
without Air, and afterwards revive in open 
Air: Earwigs, Beetles, Snails, &c. endure 
the Air-Pump prodigiouſly ; ; and Frogs will 
longer preſerve their Lives in YVacuo than Toad;; 
yea, thoſe inviſible Animalcules in Pepper-wa- 
ter, will revive in the open Air, after having 
Jain 24 Hours in Vacuo 

A. It mult be curious, indeed, to ſee thoſe ar- 
tificial Deaths and Reſurrections in mute Ani- 


See his Aſtronom. Le&. Page 235, 236. | 
+ See Mr. Derham's Phyſico- Theology, Bock I. Chap. 1. in the 
Notes. Mr.-Dawenport's Deſcription of his Table Air-Pump. 
Mr. Haukſbee's, Graveſande's, &c, Experiments. Sturmius's 
Collegium Curioſum. Stair, in Phyſiol. Exper. Explor. 14. 
dect. Il, 12, 13, 14, Sc, 
mals ! 


— — 4 WY 


The wonderful Advantages of the Air. 18 5 


mals! But how do you underſtand Air to be 
the Matter of Life? 

B. Tis certain Air is impregnated with a 
vvifying Spirit, or Matter, which is imme- 


diately neceſſary to Life; and that this vivify- 


ing Spirit is inlammable, or proper to feed Fire, 
and capable of being burnt or conſumed there- 
by ; for it is known by Experiment that no 
Creature will live, nor a Candle burn, in Air 
which hath paſſed through the Fire, and may 
be called aduſt or burnt Air. 


A. Is the Air allo of Service to Vegetables 


and Plants ? | 

B. Yes, in as much as there is a manifeſt 
Reſpiration in Plants and Trees, on which their 
vegetable Life depends, and 1s preſerved ; this 


is known by numberleſs Experiments . 


A. Hath not Air an Effect on Bodies 


which tend to diſſolve them? 
B. Ves, the Air hath the Faculty of a Men 


firuum, or a Power of diſſolving Bodies: It will 


reduce Cryſtal-Glaſſes to a Powder in Time; 


ſo divers Minerals, Earths, Stones, Foſſil-Shells, 


Wood, &c. which, perhaps, from Noah's Flood, 
have lain under Ground ſecure from Corrup- 
tion, yet, being expoſed to the corroſive Qua- 
lity of the Air, have ſoon mouldered away; fo 


Iron, Steel, Copper, &c. may be ſoon diſſolved 


into a Ruſt, &c. But ſuch Things are too com- 
mon to be inſiſted on, or to want Proof. 


t See Mr. Hales's V egetable Statics throughout. Borelli de 


Mot. Animal. Mr. Mi!lar*s Gardener's Dictionary, Folio. Dr. 
Grew's Anatomy of Plants. Joan. Clerici Phyſ. Lib. IV. Cap. 


1, 2. Or an Abridgment of all in my Philolog. Library, under 
| 4 


the Title Butany, 
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. 
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A. I have heard you make out already how 
Air is the Means of Sound; but, pray, what 


B. Very great (perhaps, greater than you 
may be yet appriſed of) are the Benefits and 
Advantages of the circumambient Air in theſe 
Regards: For fit, were it not for the Refrac- 
tion of the Atmoſphere, the Heavens by Day 
would have the Appearance of Night ; the 
Stars, even the ſmalleſt, would appear and 
twinkle ; the Sun, indeed, would appear 4 
great Light in that Part of the dark Firma- Wal 
ment where it was; but ſhould a Spectator 
turn his Back to him, he would ſee all Night 
and Darkneſs ſurround him at Noon-tide, 
Secondly, The Sun at riſing and ſetting would 
have the ſame Brightneſs and Luſtre as at 
Noon-day, and ſo would be hurtful to our 
Eyes. Thirdly, As ſoon as the Sun deſcended 
the Horizon, we ſhould be in total Darkneſs, ü 
and a cloudy Night would then preſent us Wn 
with the blackeſt Darkneſs poſſible. Fourth, 
As we ſhould have no Twilight by Night, nor 
ſhining Luſtre of the Firmament by Day, ſol 
we ſhould want that Advantage we now en- 
joy, of not only being bleſſed with the Light nl 
of the Sun when abſent, but even of the ac- null 
tual Appearance of the Body of the Sun him 
ſelf, each Day, before he riſeth, and after he 
ſetteth. | 1 

A. What, I beſeech you, Sir, do you ſup- 

ſe we can ſee the Sun when he is really un- 
der the Horizon? | 

B. Yes, we do, for the Space of ſome Mi- 
nutes each Day. A. Pray, 
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The wonderful Advantages of the Air. 187 
A. Pray, Sir, if poſſible, let me underſtand 
how this can be by a Scheme ? Et 
B. I will, and you may very eaſily appre- 
hend the Truth of this Aſſertion (tho' ſtrange) 
from thence, provided you remember what I 
ſaid of the Reflection and Refraction of Light 
when we diſcourſed on that Subject. 
A. Ido remember it very well, pray proceed. 
B. Then pleaſe to caſt. your Eyes on Fig. 
VI. on Plate XV. fronting p. 187. which 
WT repreſents the Earth ſurrounded by its Atmoſ- 
Pere: Now let HO be the Horiſon of a Per- 
ſon at P, S is the Sun really under the Hori- 
= zon, from which a Ray of Light SI proceeds, 
and falls on the upper Part of the Atmoſphere 
at I; this Ray by the thicker Medium of the 
Air is bent from its direct Courſe to D, into 
the oblique one IP, and fo ſtriketh the Spec- 
tator's Eye; the Spectator then will ſee the 
Sun in the Direction of this refracted Ray PI, 
Viz, at R, which is above the Horizon: And 
thus at ſome Times of the Year, we ſce the 
Sun above the Horizon near 10 Minutes whilſt 
it is really below it on one Day, taking the 
Morning and Evening together ; at a Medium 
it is 6'4 each Day throughout the Year, which 
is as good as 3 1 equinuftial Days in one 
Vear; which is almoft a whole Year's Sun- 
ſhine in a Century more than we could other- 
wile hae Att. 12 
A. Sir, I perceive it very plainly, and give 
you abundance of Thanks “. 2 


EEE 2 CHAP. 
9 See large Biſcourſes on this copious Subject in l 


Chemiſiry, Part I. Page 277 to 304; with Dr, Shaw's Notes 
5 8 | | thereon, 
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2. Stated Winds, which blow only certain 
eaſons from the lame Point. 


any where, or any how. 


But this is not ſo natural as the following 
Diviſion of Winds, viz, 


I, ered, or coaſting Trade Winds. 

2. Periodical, or ſhifting Trade Winds, cal- 
led Monſoons. | 

. Common, or caſual Winds, the fame as 


e foregoing liberal Winds. 


A. What are the different Qualities of Wind? 
B. They differ (faith my Lord Bacon) not 
nuch more in the Points e which they 

low, than in the Qualities with which they 


ee diverſified ; for ſome are violent, others 


Wconſtant, others mutable ; ſome moiſten and 
diſſolve, others dry and thicken : ſome gather 
Rain, others are tempeſtuous and diſpel it, 
and others are ſerene and ſmooth. 

A. Pray what are the Cauſes of Wind? 

B. Any Thing that can deſtroy the Equili- 


with a greater Force, putteth it into an Agita- 

tion, produceth ſuch a Stream or Current of 
Air, as we call Mind. 

A. This is ſo very general an Account as 

eives me but a little more Notion of the Thing 

than I had before, " Bon 


Of general Trade Winds. 189 


3. Servile Winds, which regard the Region, 
| 4. Liberal Winds, which blow indifferent- 


gentle; ſome are cold, others hot; ſome are 


brium of the Air, and by acting on ſome Part 
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190 The PRHILOSOSPHICAL GRAMMAR} 

B. In all Cafes we cannot be acquainted 
with Particulars; however, tis pretty certain 
that divers Things, as Eruptions of Vapours 


from Sea or Land, Rarefactions and Conden. 


' ations in particular Places, the Fall of Rains, 
Preſſure of Clouds, &c. may alter the Equi- 
poiſe, or Balance of the Atmoſphere; and 


thereby cauſe Minds more or lefs : Beſides, ſe. 


veral Caves, and ſome great Lakes, emit or ſend 
forth Winds; but the moſt general Cauſes of 
Wind are Heat and Cold, as is manifeſt from the 


general and periodical Trade Winds between 


the Tropics, and thereabouts. 


A. Pray what are thoſe Winds you call ge- 


neral Trade Winds ? 
B. Such as blow conſtantly all the Year long 
from one Quarter ; as from the N. E. or about 
the North-Eaft, on the North-Side of the E- 
quator to 30 Degrees Latitude; and from the 
S8. E. or about the South-Eaſt, on the South-Side 
of the Equator to about 30 Degrees Latitude, 
in the Atlantic Ocean, Ethiopian Sea, the In- 
dian Ocean, and great South-Sea: Theſe Wind, 
for your better conceiving them, I have repre- 
ſented in the Map adjoined, by dark Lines in 
the aforeſaid Atlantic, Ethiopic, and Indian 
Seas; in which you will ſee divers Arrows 
ſhewing the Courſe of thoſe Ninde. 
A. This, Sir, is very helpful, and maketh 
the Thing eaſier than your very Words can 
do: But doth the Vind blow conſtantly in 
thoſe various Courſes and Directions, ſhewn 
by the Arrows, within a ſmall Diſtance of the 
Coaſts of Africa Weſtward ? : | 
B. Tes; 


Of the ſhifting Trade Winds, or Monſoons. 191 
B. Ves; they are called the general coaſt- 
ing Trade Winds, and always blow on the 
Points the Arrows ſhew. 

A. But what is the Meaning that I ſee in 
the Map ſeveral Arrows in clear void Spaces, 
ſome pointing one Way, and others the con- 


trary quite, with the Names of the Month 


abbreviated fixed to them? 


z 


B. I will inform you: It is in the Arabian 

Sea, the Bay of Bengal, the Chineſe Seas, by 
the Eaſtern Coaſts of Afric, and to 10 De- 
grees of South Latitude in the Iadian Ocean, 
that you find thoſe contrary Arrows ; and in 


thoſe Parts you muſt know the Vind blows 


one half of the Year one Way, and the other 
half the contrary Way: Theſe are called the 
periodical or ſhifting Trade Winds, which the 
Sailors call the Monſoons. - 

A. Then; I ſuppoſe, as the Arrows in thoſe 
ſeveral Places ſhew the various Courſes of the 
Monſoons, fo their Times of ſhifting or chang- 
ing their Points, are denoted by the Names of 
the Months affixed thereto. | 

B. Yes, they are, and therefore all thoſe 
who fail in theſe Seas, are obliged to obſerve 


the Seaſons proper for their Voyages, and in 


ſo doing they fail not of a fair Vind, and ſpee- 
dy Paſſage. 8 

A. How do you account for ſome Finds 
blowing always one Way, and others on con- 
trary Points, in equal Periods of Time ? 


B. The moſt ſagacious Dr. Halley (the Au- 


thor of all the preſent Philoſophy of Wind 
gives this Account thereof, viz. That, accord- 


ing 
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192 The Puit.os0PHICAL GRAMMAR; 
ing to the Laws of Statics, the Air which is 
leſs rarified and expanded by Heat of the Sun's 
Beams, and conſequently more ponderous 
muſt "OA a Motion towards thoſe Parts there. 
of, which are more rarified, and leſs ponderous, 
to bei ing it to an Equilibrium, or Balance. And, 
2. That the Preſence of the Sun continually 
ſhifting to the We/tward, that Part towards 
which the Air tends, by Reaſon of the Rari- 
faction made by his greateſt meridian Heat, is 
with him carried Weſtward ; and conſequent- 
ly, the Tendency of the whole Body of the 
lower Air is that Way : And thus a general 
Eaſt-Wind is formed in the Atlantic and great 
South Sea, perpetually blowing Weſtward. 
4 But, I obſerve, by the Arrows, thoſe 

Winds decline from. the Eaſt, Nerthward on 
the North of the Equator, and Seuthward on 
the South-Side: Pray how happens that? 
B. Becauſe, near the Line, the Air is much 

more rarified than at a greater Diſtance from 
it Northward and Southward ; wherefore the 

Air being towards thoſe diſtant Parts leſs rarifi 
ed than in the Middle, will conſequently tend 
from the North and South to the Equator, and 
ſo become N. E. and S. E. Winds. 

A. But why are not thoſe Winds as univer- 
ſal in the Arabian, Indian, and Chineſe Seas, 
and other Parts between the J. ropics, which 


have the ſame Situation to the Sun, as the A- 


lantic, Ethiopic, of great South Ocean ? 


B. The Reaſon hereof is, undoubtedly, ow- 


ing to their being ſurrounded by ſuch great 


Continents, which break the Continuity of the 


Oceans; 


Oceans; and from the Nature of their Soil, and 
the Poſition of high Mountains, produce thoſe 


ſeveral Variations of the Wind in thoſe Places: 
Thus, the Vinds ſet in upon the Land, even 


from Weſtward, on ſome Parts of Guinea; be- 
cauſe the Soil, being ſandy, reflects prodigious 
Heat, which greatly rarifies the Air, and ma- 
keth the more cold, and denſe, tend thither 
from the Weſtern Sea, to reſtore the Equilibrium. 

A. And, pray, how is the ſudden Change of 
the ind, to oppoſite Points, accounted for in 
the periodical Winds, called the Mon ſoons? 

B. Thus: The cold and denſe Air, by Rea- 
ſowof its greater Gravity, preſſes upon the hot 
and rarified ; and therefore the rarified Air muſt 
aſcend in continued Streams as faſt as it rarifies, 
and being aſcended, it muſt diſperſe itſelf to pre- 
ſerve the Equilibrium; and thus, by a contrary 
Current, the upper Air muſt move from thoſe 
Parts where the greateſt Heat is, and ſo, by a 
Kind of Circulation, the N. E. Trade Mind be- 
low will be attended with a S. W. Wind above, 
and the S.E. with a N. W. above. Now becauſe 
the Air coming out of the N. E. over vaſt Conti- 


nents of Land (which, when the Sun is North. 


ward, are intolerably hot; but more cold and 
temperate, when the Sun is at the Southern Tro- 


fic) into the Jadian Sea, is ſometimes hotter, 


and ſometimes colder, than that whereby this 


Circulation is Feta net out of the S. W. by Con- 


ſequence, the under Current of Air is one while 
from the N. E. and other while from the S.W. 
A. Do not the Seaſons help to determine 


ſomewhat of this Matter, 1 in which thoſe Chan- 


ges happen ? 
F N B. Yes, 


The Cauſes of the Changes of the Monſtons. 193 
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194 The PHILOSOPHICAL GRAMMAR, 

B. Ves, they plainly confirm what I have be- 
fore faid ; for in April, when the Sun begins to 
warm thoſe Countries to the North, the S. W. 
Man ſoons begin, and blow during the Heat till 
October; when the Sun being retired, and all 
Things growing cooler Northward, and the 

Heat encreaſing to the South, the N. E. Wind 
enter, and blow til April again: But yet, why 
the Monſoons change here, and not in the 
Ethiopic Ocean; and alſo why the Limits of 
the Trade Winds are fixed to about 30 Degrees 
of N. and S. Latitude, is not ſo well to be ac. 
counted for; and therefore muſt be left, with 

ſeveral other Intricacies of this Nature, to the 
Diſquiſition and Diſcovery of fucceeding Ages. 

A. Well, ſo much then for general. and 
periodical Trade Wind,; have you any Thing 
farther to obſerve of the common and variable 
Winds, incident to all Points and Places ? 

B. Yes, a few Things touching their Quali- 
ties, Velocities, and Extent or Limits. 

A. What do you obſerve of their Qualities? 

B. That thoſe Winds are dry and cold, which 
eontain the leaſt Quantities of Vapours; thoſe 
Winds gather and generate Clouds, which carry 
with them great Quantities of. Vapours ; thole 
Winds are hot, which blow from off hot Re- 
gions ; and cold, which blow from cold ones; 
thoſe are the moſt violent which are agitated by 


the greateſt Force, and the contrary r. 
A, And 


+ See much more on this SubjeR in Dr. Halley's Hiſtorical 
Account of the Trade Winds and Monſoons in Philoſ. Tranſad. 
Ne. 183. Lord Bacon's Hiſtory of the Wind. Bobun's Diſcourſe 

| | a 8 


— 


Dualities of the Winds, &c. 19 5 
A. And, pray, whit is diſcovered of the Ve- 
locity of Wind! "4 


B. It is found by Experience, that the Ve- 
locity of Wind, in a great Storm, is not more 
than 50 or 6⁰ Miles an Hour; and that a 
common briſk Vind moves 1 5 Miles an Hour; 
and ſome are ſo ſlow as not to move 1 Mile an 
Hour. 

A, In the laſt Place, what do you obſerve of 
the Extent, or Limits, of the Wind? 

B. That it is very uncertain, and little 
5 unleſs ofithe aforeſaid: Trade Vindt: . 
The moſt we know of common H7nds in their 
Uſe, in cooling and cleanſing the Air from all 
poiſonous Contagions, and peſtilential Exhalati- 
ons; and thereby keeping it always pleaſant, pure, 
and healthful; whence appears their abſolute 
Neceſſity to animal Life, and Conſervation of 
the Univerſe, 


CHAP, III. 


MzTEOROGRAPHY, or the PutLosopn y 
of ME TEORs in general, viz. V APOURS, 
Fogs, MisTs, CLouDs, RAIN, Hair, - 
Snow, FROST, Ic E, THUNDER, Lion r- 
NING, IGNIS. Fa Tuus, or Jack IN A 


Lax Henn, Firing DRAGONS, and 
fuch like, 


F Pleaſe myſelf with the Thoughts of con- 
verſing on Subjects now, very pleaſant, 


on the Origin and properties of the Wind. Clare's Motion of : 
Flaids, Page 237 to' 240, ans "Ns to 265. Roxwning's Comp. 
Syſtem, Part II Diſſert. oth, And almoſt all the Authors re. 
ferr'd to in the laſt Note, 

N 2 and 
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and curious, ſuch as what you call the Doctrine 
of Meteorography ; but, before we proceed, pray 
let me know what 1s the true and proper Mean. 
ing of the Word Meteor? 

B. The Greek Word Meter oy, | Meteoron, is 
compoſed of wee, beyond, ee, acipe, 70 lift up 
aloft ; and therefore a Meteor implies that which 
is elevated aloft beyond us in the Air, as Clougs, 
Lightning, &c. 

A. How many. Kinds of Meteors do you 
reckon ? 

B. Some diſtinguiſh them into > three Sorts 
fiery, airy, and watery. 

A, Which do they call fery Meteors ? 

B. Such as are compoſed of a fat \ſulpburens 
Exbalation, kindled by the nitrous Quality or 
Subſtance of the Air.; and do then exhibit the 
Appearance of Light and Fire in . the Air, as 


Lightning, Flying Dragons, &c. 


A. What are thoſe called airy Meteors ? 
B. The Wand, and its divers Kinds; but pro- 
perly ſpeaking, the Wind is no Meteor at all, 
nor are there any Meteors which confiſt merely 

Wind 

A. Pleaſe to recount me thoſe you call ua- 
tery Meteors. 

B. They are ſuch as conſiſt of Vapours, and 
watery Particles, which are ſeparated from one 
another, and raiſed by the Sun's Heat, and be- 
come modified in the Air into various Forms, as 
Miſis, Clouds, Rain, &c. in abundance. 

A. Which do you hold it will be moſt natu- 
ral to begin a Converſation withal, of thoſe {c- 
veral Sorts of Meteors ? 5 


— % 


Of the Philoſophy of Meteors. 197 


B. It will certainly be moſt natural to begin 
with watery Meteors. | 5 
A. Well then, to make a Beginning, Job- 
ſerve you ſaid thoſe Meteors originally conſiſt of 
Vapours ; pray, what are they? 

B. Vapours are a Company of aqueous or 
watery Particles, ſeparated from the Surface of 
the Water, or moiſt Earth, by the Action of 
the Sun's Heat; whereby they are ſo far rari- 
fied, attenuated, and ſeparated from each other, 


as to become ſpecifically lighter than the Air, 


and conſequently, they riſe and float therein ; 


and thus, any Kind of Heat or Fire may cauſe 


. 


Vapours ? J. 
A, Pray 


} The Manner in which Heat raiſes the Particles of a Fluid 
into the Air, or which is the ſame thing, makes it ſpecifically 
lighter than Air, is a great Difficulty with Philoſophers, who 
have taken Pains to invent many Hy potheſes for the Solution 
thereof, which may be all ſeen with their particular Confutations, 
in Mr, Rowning's Comp. Syſtem, Part IT. Diſſert. 6. and the 
Author himſelf declines giving any Account thereof on t..e Prin- 
ciples of the preſent Philoſaphy. * | | 
hut as it is no ſmall Diſparagement to the Atomical or Ne wto- 
nian Philoſophy to ſuggeſt its Inſufficiency to account for the For - 
mation, Riſe, and Reſolution of Vapours into Rain; I think it 
og gg to propoſe the following Queries in Bchalf thereof (1. 
ves not the receiv*'d Philoſophy teach that Fluid: conſiſt of 
Particles which touch but in few Points, and are united by the 
Attraction of Coheſion? (2.) That Heat is Fire, and that the 
Particles of Fire are in a conilant and violent Agitation and State 
of Motion among themſelves? (3.) That, ſince the Power of 
Coliſion is known to be leſs than the Power or Force of Action 
in the igneous Particles, theſe Particles mutt divide, ſeparats, 
and propel the Particles of the Fluid every Way from each other? 
and therefore, (4.) May not thoſe Particles of the Fluid which 
lie in the Surface, be driven npwards beyond the ſmall Sphere of 
Attraction by the Action of the fiery Particles? (5) And, then 
being extremely ſmall, may they not be lighter than the Air on 
the durface of the Fluid, and therefore be forced to a cend in it 
according to the Laws of Statics? (5.) Being baoy'd up to a 
N 3 Height 
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A. Pray what Meteors are immediately for. 
med of Vapours? 

B. Fogs and Miſis: Fogs are thoſe Collec. 
tions of Vapours which chiefly riſe from fenny, 
moſt Places, which become more viſible as the 
Light of the Day decreaſeth ; if theſe are not 
diſſipated, but unite with thoſe that riſe from 
Waters, as Rivers, Lakes, &c. ſo as to fill all the 
Air in general, then they are called Mis; and 
often they ſtink from a ſulphureous Exhalation, 
or Matter they contain, 

A. What Meteorsare next formed of Vapours? 

B. Clouds are the next State of Yapours; 
for they conſiſt only of a Congeries of Vapours 
exhaled from Sea and Land, and raiſed to that 
Height in the Air, where they become of equal 
Weight, or Gravity, with the Air; in thoſe Parts 
therefore, they float and ſwim, and by ſtriking 
one againſt another, and mixing one with ano- 
ther, they caaleſce, or thicken, and become more 
denſe and weighty ; the thinner or rarer the 


Clouds are, the lighter and higher they ſoar ; but 


(6.) Being buoy'd up to a Height where the Air is of equal 
Weight, will they nat be there ſuſpended in the Form of Clouds, 
according to the ſame Laws? (7.) May they not there (by the 
Means above aſlign'd) be condenſed and imbodied, and fo become 
more weighty than the Air, and therefore endeavour to deſcend 
thro? it, according to the ſame Laws? (8.) But deſcending thro 
a Body of confiderable Refiſtance (as the Air is) will they not be 
again divided and ſeparated into leſſer Parts, which being heavier 
than an equal Portion of Air, will {till keep deſcending in Drops 
or Form of Rain? LE 

I ſee nothing unnatural or meerly conjectural in all this, and 
ſure I am, it is all conſentaneous to the Principles of the preſent 
received Philoſophy. If any think the Subject of theſe Queries 
deficient in regard ofthe Purpoſe, they are to ſhew it. 


the 
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the more denſe they are, the weightier, and the 
nearer they ride to the Earth. | | 

A. Pray how high do you judge the Clouds 
Oo 

B. From about a Quarter of a Mile to a 
Mile; tis very common for Perſons, by climb- 
ing very high Mountains, to get above the Clouds 
and ſee them ſwim beneath them, cleaving 
againſt the Mountain they are on *. 

A. That muſt be very curious to obſerve ; 
but, whence the various Figures and Colours of 
the Clouds? | | 

B. The wonderful Variety in the Colours of 
the Chuds, is owing to their particular Situation 
to the Sun, and the different Reflections of his 
Light : The various Figure of the Clouds reſults 


from their looſe and voluble Texture, revolving 


into any Form, according to the different Force 
of the Winds, | 

A. That Rain is produced from the Clouds 
weall know; but, in what formal Manner doth 
it happen ? ; 

B. Thus: When various Congeries of Clouds 
are driven together by the Agitation of the 
Winds, they mix and run into one Body, and 
thus diffolve and condenſe each other into their 
former Subſtance of Water; alſo the Coldneſs of 


the Air is a great Means to collect, compact, 


and condenſe Clouds into Water: The Water 
thus produced of the Clouds, being heavier than 


Concerning the ſeveral Methods of meaſuring the Heights 
of the Clouds, ſee my Young Trigonometer's Guide, Vol. I. Part 
JN. Chap. 2. 
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Air, muſt of Neceſſity fall through it in the 
Form we call. Rain. 
A. But why does it fall in Drops, and not in 


whole Quantities, as it becomes condenſed in 


- the Air? 


B. So it would fall i in great Quantities, were 


it not for the Reſiſtance of the Air; but the 
Subſtance of the Air breaketh and l it 
into Parts, ſmaller and ſmaller, the farther it 
paſſeth through i it, till, at laſt, it arrives to us in 
very ſmall Drops +: 

A, Is not Dew a kind of Rain ? 

B. Yes; only with this Difference, that 


whereas Rain falls at any Time, and in great 


Drops ; Dew falls only at ſtated Times, and in 
ſuch very ſmall and fine Drops, that they are 
ſcarcely viſible, till they are fallen and condenſed 
into Drops on the Tops of Graſs, Boughs, &c. 

A. In the next Place, pray, Sir, explain how 
the Meteor, we call Snow, Is prod uced ? 


B. Snow is produced thus: When the 7a. 


pours are become conſiderably condenſed, yet 
not ſo far as to become liquefied, or diſſolved 
into Water, then, by a ſpecial Degree of Cold- 
neſs in the upper Air, the Particles of the con- 
denſed Yapours are compelled into a hard, rigid, 
and glacy Subſtance, ſeveral of which adhering 
together, ' form little Fleeces of a white Sub- 
ſtance, ſomewhat heavier than the Air; and 
therefore deſcend in a flow and gentle Manner 
through it, being ſubject, by its Lightneſs, to 
all the various Motions of the Air and Wind; 


and is what, when arrived to us, we call Snow. 


+ See Note * in Page 197. 


A. And, 
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A. And, pray, is not Hail formed after ſome- 
what a like Manner ? 

B. Hail is thus generated : When the 
Cloud which raineth is very high in the Air, or 
when all the Regions of the Air are very cold, 
the falling Drops of Water are congealed there- 
by, and grow into a glacy Subſtance ſomewhat 
white and hard, of different Size and Figure, 
according to the Particles of Water, the De- 
grees of Heat and Cold, the Wind, Sc. and 
this, when come to us, we call Hail | 

A. Although, I ſuppoſe, you do not reckon 
Froſt and Ice among Meteors, yet I believe 
this may be as proper a Place to diſcourſe of 
them as any; and therefore, if you pleaſe, be 
ſo good as to explain to me their Natures? | 

B. Dr. Cheyne faith, that Cold and Freezing 
ſeems to proceed from a faline or ſalt Sub- 
ſtance floating in the Air, whoſe Particles are 


very ſharp and pointed, and theſe inſinuating 


themſelves (in a wedge-like Manner) into the 
Pores of the Particles of Water, do thereby fix, 
cryſtalize, and make hard the ſuperficial. Parts 
of Water, and all humid Subſtances; and hence 
the incruſted Surface of Earth, Dews, Cc. we 
call Froſt, and the fixed and cryſtalized Super- 


ficies of Water, we call Ice: But, when the 


Heat of the Sun diſſolves thoſe freezing, faline 
Particles into a Fluid, the Surface of the Water, 


&c. all return to Es former natural State; 2 


this we call Thawing. 
A. Have you any Thing farther to confider, 
a watery Meteors? 


B. Na, 
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B. No, thoſe now deſcribed are the whole 
Tribe; andas we have already largely ſcanned the 
Nature of the Wind, which ſome (as I told 
you) improperly make a ſecond Sort of Meteors, 
let us now paſs to the Speculation of thoſe which 
are called fiery Meteors. 3 | 

A. With a very good Will, Sir; nothing de. 
lights me ſo much as thoſe Kinds of natural 
Reſearches ; and in the firſt Place, pray which 
do you count the principal of all the fiery Me. 
reors? 5 
B. Ligbtning, which is thus occaſioned: 


The Air doth abound with Steams and Exha- 


lations of Sulphur, Bitumen, Nitre, and Salts of 
various Sorts, Acids and Alalies; theſe being 
raiſed by the Sun's Heat into the higher Regions 
of Air, are there diſperſed and ventilated to and 
fro by the Winds; this Agitation produces a 
Mixture, and conſequently, a Fermentation of 


thoſe combuſtible Sulphurs with the nitrous 
Acids, which is often to that degree as to kindle 


into Flame, and thereby cauſe thoſe ſhining 
Flaſhes of Lightning we ſee darting from the 
Sky 4. = ; 
2 But, pray, Sir, what makes the Thunder 
with it? 1 Et n 
B. Thunder is occaſioned by the kindling 
thoſe bituminous and ſulphureous Exhalations 


+ Concerning the Nature of Bitumen, Sulphur, Mitre, Acids, 
Alkalies, &c. ſee Part IV. Chap. 2. and the Notes thereto annexed. 
As Su pbur is the moſt imflammable, and Nitre the moſt apt for 


a violent and ſudden Exploſion, of all Kinds of Matter; ſo theſe two 


Subſtances are moſt reaſonably thought to afford the Efiluvia, 
which compoſe the Mixture producing Lightning and Thunder; 35 
they are the two principal Ingredients in Gunpoxuaer. 
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in the Air by the nitrous Salts, in the ſame 


Manner as the Exploſion is produced by ſetting 
Fire to Gunpowder, or Aurum Fulminans; and 
the Reaſon why we do not hear the dreadful 
Noiſe of Thunder, ſo ſoon as we ſee the Iflam- 
mation or Laghtning, is becauſe Sound is longer 
arriving to our Ears, than Light to our Eyes; 
as I have before told you, 1 

A. I have heard talk of Thunder- Bolts, and 
their ſtrange Effects; pray what do Philoſophers 
ſay of it? 

B. What is called a Wunder- Bolt, is nothing 
but a more ſolid, and moſt rapid Flame, which, 
with incredible Celerity, flies from the Clouds to 
the Earth, and through every Thing ſtanding 
in the Way, being interrupted by nothing. The 
more remarkable Phenomena of which are as 
follow : 1. That it affects high Places chiefly, 
as Mountains, Towers, Trees, &c. 2. That it 
will ſometimes burn a Perſon's Clothes, while 

his Body remains unhurt. 3. That, on the con- 
trary, it will ſometimes break a Man's Bones, 
while his Clothes and Fleſh receive no harm. 
And, 4. In like Manner if will ſometimes melt 
or break the Blade of a Sword in the Scabbard, 


| while the Scabbard remains untouched ; and, 


on the contrary, will ſometimes burn the Sheath, 
and not affect the Sword. The Reaſon of theſe 
ſtrange and contrary Effects Philoſophers can 
but conjecture at, imputing it to the different 
Figure and Quality of the Particles of“ Light- 


ning, 


* There is a Sort of Stone, or Mineral, which the common 
People call a Thunder-boſt, and imagine it falls from the Clouds 
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ning, which renders them capable of diſſolving 
{ome Subſtances, at the ſame Time, that it will 
not touch others. | 

A. All this is very ſtrange indeed; pray what 
other fiery Meteors are remarkable? 

B. The fame aerial Fire, or ſulphureous In. 
flammation, hath different Names, according 
to the Variety of Figures and Sizes it appears 
under: As, 1. Lampas, a Lamp, when it burn- 
eth by little and little, on one Part only, 2, 
Bolis, a Dart, when - the Exhalation appears 
kindled in a long Tract together. 3. Trabes, 
Beams, when the Inflammations appear in the 
ſame Place continually. 4. Chaſina, a Chaſm, 
when the Flame ſhines or glitters from the 
Breaks of dividing and ſplitting Clouds. 5. Toms 
Fatuus, i. e. the fooliſh Fire, or Jack in a Lan- 
thorn, when a fat unctuous Vapour is kindled, 
and wafted about by the Motions of the Air, 
near the Surface of the Earth, like a Light ina 
Lanthorn. 6. Ignis Pyramidalis, the pyrami- 
dical Fire, when it reſembles a Pillar of Fire 
ſtanding upright. 7. Draco Volans, a flying 
Dragon, when the middle Parts be thickerand 
broader than the Ends. 8. Capra Saltans, a 
{kipping Goat, when it appears to have a ſkip- 
ping Motion, and to be ſometimes kindled, and 


in a Stroke of Thunder, and thereby does many times great Miſ- 
chief, but this is a vulgar Error ; the Stone ſeems, from the Make 
and Faſhion thereof, to reſemble more an artificial than a natu- 
ral Production; and being moſt frequently found where Sepulchres 
have been, inclines ſome to think they are ſome Remains of An- 
tiquity, and were formerly of uſe in War, and Arms, which it was 
cuſtomary with the Antients to bury with their Aſhes. See the 
Authors mention'd in Rozuning's Comp. Syſtem, Page 146 of 


ſome- 
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ſometimes not. 9. Szelle cadentes, falling Stars; 


when the more ſubtile Parts are burnt away, 
they fall by the Weight of their viſcous and 
earthy Matter remaining: And theſe are all the 
remarkable fiery Meteors . 


+ Of theſe Meteors, the Ignis Fatuus is the moſt frequent and 
conſiderable ; of which Sir 1/aac Newton thus writes, 1 he Ignis 
« Fatuus is a Vapour ſhining without Heat; and is there not the 
« {ame Difference between this Vapcur and Flame, as between 
% rotten Wood ſhining without Heat, and burning Coals of 
Fire? Optics, Queſt. 10. 

The Meteors here mentioned are moſt of them but Parts of the 


wonderful Phenomenon call'd the Aurora Borealis or Northern 


Lights, which is an Appearance of ſtreaming Light, darting from 


2 dark Part of the Air which looks like a Cloud, which Streams 


or Streaks of Light, if low, are perpendicular to the Horizon, 


and higher ſeem to meet in a Center near the Zenith; where they 


have various glancing, quivering, and curling Motions ; and 
when the Nitro- ſulphureous Matter, of which it conſiſts, is all ſpent 


and burnt away, the Aurora commonly degenerates into a bright 


Twilight in the North, and there gradually dies away. See a 
large Account of this Phænomenon in all its Shapes in Rowning's 
Comp. Syſtem. Part IT. Diſſert. 7. Monſ. Mairan's Phyſ. &. 
Hiſt. Treatiſe thereof in the Memoires de I Academie Royale des 
Sciences; or an Abſtract thereof in Philoſ. Tranſ. No. 431. 
See an Account of ſeveral Aurora's in the Philoſ. Tranſ. No. 320, 
347, 348, 351, 352. That wonderful Meteor, March 19th, 
A. D. 1719, No. 360. Another the ſame Year, No. 363. Dr. 


Halli has made it appear from Obſervations on the Meteor ſeen 


on the 31** of July, between 9 and io at Night, A. D. 1708, 
that theſe Meteors are in the very upmoſt Part of the Atmoſphere, 


or between 40 and 50 Miles perpendicular Height. Alſo that 


March 19**, A. D. 1719, was found by Calculation to be no 
leſs than 732 Engliſb Miles perpendicular Height. For a more 


- ample Account of Meteors, the Reader may conſult the Authors 


referr'd to in Note * in Page 187, Note + in Page 194. and 
Phil. Tran. 5 "YE = 
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CHAT, IV. 8 
Pn ANT ASMATOORAPHv, or 4 Philoſophical 3 


Account of the celeſtial Appearances, viz. t 


Rain-Bow, HALo's, PARHEL1UMs, Pa FRE 
RASELENE'S, SS-. 


A. RAY, Sir, why do you chuſe to uſe ſuch 1 5 
a long hard Word as Phantaſinatograply 


B. Becauſe that beſt expreſſes my preſentDe- 
ſign, which is to let you underſtand: what the 
Opinions and Diſcoveries of the beſt Philoſo 


the Rain-Bow,. &c. this Word being compoſet 
of ®x dope Phantoms, or Appearances, ane 
Tah, a Deſcription, 


A. But, Sir, by your Leave, I woukl alc E i 


whether it be not an Innovation to call thoſe 
Things by the Names of Phantoms, A 
or Apparitions, which (as yourſelf ſays). are by 
the greateſt Philoſophers ranked with, ane 
deemed Meteors ? 

B. Be it an Innovation, or what it Sa Tal- 
ways chooſe to call Things by ſuch Names a8 
expreſs what they be, not what they be not; dis 
certain thoſe Things we. diſcourſe: of exiſt no 
way but in 1 1 

A. What, I pray you, is there nothing of ll 
reality in theſe Things, as in the Rain-bow for nl 
Inſtante, but a Form of different Colours ? 

B. Nothing more indeed ; ; they all owe their 
Exiſtence to one common Cauſe, viz. the Refiec- } 


tion and Refraction of Light. 
A. Pleaſe 
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Of che Rain-bow, bow cauſed; its Colours, 207 
A. Pleaſe to explain a little more particular- 
the Manner how theſe Phenomena are pro- 
d, and firſt, how the Rain-bow acquires 
EL beauteous and wonderful Form) 

B. The Rain-bvw is one of the moſt ſurpriz- 

o of all the Works of God (which the Hebrews 
A" YR nud. the Bow of God, and the Greeks 
urls, i. e. the Daughter of Wonder.) This 
WP 2n0menon is ſeen in the falling Rain, or Dew, 
ad got in the Cloud whence that Rain, or Dew, 
oceeds; it is cauſed by a Reflection and Re- 
action of the Sun's Rays from the: globular 
WP rtickes of Rain: There are often two Bows 
de ſeen at the ſame Time, the interior, as 
, which is more ſtrong and vivid; the ex- 
rior Bow, as QHD, which is more faint and 


7 4 == 
— — — — — — 7 p 
— — — — 2 
— : — — — 


: * — I EINE IE : __ 2 F . 
5 — - * 1 . | 7 T * S 7 — 4 r — 0 
85 2 8 2 = OS, 2 * a o bs >, - 5 - 4 
Sa n > k 7 — — — he — — — - — — — 1 
n * —8 — 22 * 1 , wE — —4 ————— - --—-———«<oM 
_ " q =_ J 2 6 O a St 222 — K * — — 0 
— 4 - < wY : _ A — — — 1 — 22 = as £ => —_—— 
— — . — — —— _ 9 — . — pv” ee * * — 


—— — 
Jn » ms 


ek; the interior Bow is formed by rue Re- 1 

3 rations of the Rays of Light, and one Reflec- 4 
7: of them in the Drops of Water. See Fig. 18 
VII. on Plate XVII. fronting p. 207 I” 
4 Pray, Sir, exem plify this Mares, Wo 
B. Iwill: In the interior Bow (Hg. XXVII. bi il | 
r the Plate as above) let EF be two Drops of 78 


ee falling Rain, and let & @ be a Ray of Light, 
alling on the Drop E in a, from whence it is 
etracted firſt to e, thence i it is reflected to E, 
whence it is a ſecond: Time refracted to the Eye, 
oppoſe at O: In like Manner, the ſame Thing 
bappens in the upper Fart of this Bow, in the 
Drop F. 

bi A. Well, and what are we to learn from all 

18 "aff 5-4 

B. Hence you eafily underſtand the Reaſon 
of the Colours of the Bow, if you have not for- 
got what I delivered to you when we were diſ- 
courſt ing 
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courſing of Light and Colours: For here you 
ſe the Angle COE = 40? 2“ ſhall be the greateſt 


Angle, in which the moſt refrangible Rays can 
after one Reflection be refracted to the Eye; and 


therefore all the Drops in the Line OE, ſhall 
ſend the moſt refrangible Rays moſt copiouſſy to 
the Eye, and thereby ſtrike the Senſes with the 
deepeſt violet Colour in that Region: In like 


Manner, the Angle COF = 42 17 ſhall be the 


greateſt, in which the leaſt refrangible Rays can 


after one Reflection be refracted to the Eye; 


and therefore all thoſe leaſt refrangible Rays ſhall 
come molt copiouſly to the Eye in the Line OF, 
and ſtrike the Senſes with the deepeſt Red in 
that Region: Do you underſtand me pray? 

A. Yes, Sir, very well; and I alſo underſtand, 
that by Reaſon of the intermediate Degrees of 
Refrangibility of Rays coming from the Drops 
between E and F, the Space between E and F 


ſhall be painted with proper intermediated Co- 


lours; and therefore the whole Face of the Bow 
will be tinged with all the primogenial Colours in 
their natural Order, viz. Violet, Indigo, Blue, 
Green, Yellow, Orange, and Red, from E pro- 
ceeding to F. | 4 

B. I am glad to ſee you ſo very happily un- 
derſtand the Matter; you will with the greateſt 
Eaſe and Pleaſure underſtand the Phenomena of 
the upper, or exterior Bo] HD, which in ſhort 
are thus produced: Let G and H be two Drops 
in the extreme Parts of the upper Bow; now let 
SG be a Ray falling on the Drop in G, whence 
it is firſt refracted toe, from thence it is firſt 
reflected to F, from F it is a ſecond Time re- 


flected to g, and from ꝗ it is a ſecond Time re- 
fracted 


* 


+ 
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fracted to the Eye at O: Now the ſame is to 
be underſtood in the upper Drop H; hence 
the Angle COg=50* 42“ is the leaſt Angle, in 
which the leaſt refrangible Rays can after two 


Reflections be refracted to the Eye; and there- 
fore the Drops in the Line Oz ſhall ſtrike the 
Eye with the deepeſt Red, and the Angle COH 


=54* 22“ ſhall be the leaſt Angle, in which the 


molt refrangible Rays after two Reflections can 


emerge out of Drops; and therefore thoſe Rays 
ſhall come moſt copiouſly from the Drops in the 
Line OH, and ſhall ſtrike the Senſe with the 
deepeſt Violet in that Region: And by the ſame 


Reaſoning, the Drops been GH ſhall ſtrike the 


Senſes with the intermediate Colours; and fo 
the Colours in the whole Width of the upper 
Bow, ſhall lie in this Order from G to H, vis. 
Red, Orange, Yellow, Green, Blue, Indigo, Violet; 
contrary to the Order of thoſe in the lower Bow. 

A. Sir, J readily perceive the Reaſon of 
thoſe Colours in both the Bows, according to 
the Laws of Refraction you heretofore men- 
tioned : but, pray, why are the Colours of the 
exterior Bow {o much fainter than thoſe of the 
interior one? | 
B. Becauſe the Light 1 is twice reflected i in 

the Drops of the exterior, and but once in 
thoſe of the interior Bow, the Light becoming 
fainter by every Reflection. 

A. I think, Sir, the Rainbow always appears 
perfectly round; doth it not? 

B.Yes; accurately ſo; for the Lines OE, OF; 
OG and OH, turned round their common Axis 


OC, ſhall with their Ends EFGH deſcribe the 


circular Borders, or Extremities, of' the two 
Bows. ; Oo ne A, And 
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A. And do they always appear equally large? 


B, Yes, all Rainbows are of the ſame Dimen- 
ſions ; becauſe no Bow can appear but under 
the Angles of the fame Quantities, as before. 
mentioned, | 1 

A. But we do not always ſee an equal Quan- 
tity of a Bow, I have often obſerved. 

B. No, that is impoſſible you ſhould; for the 
Sun muſt be in the Horizon for you to ſee half 
the Bow, which is the moſt. that can ever be 
ſeen; for then the Center of the Bows C is on 
the Superficies of the Earth ; but the higher the 
Sun riſeth above the Horizon, the lower the 
Center C ſinketh beneath the Earth's Surface; 
and conſequently the leſs ſtill you can ſee of the 
Boro, till, at laſt, you can ſee none at all, 

A. Pray how high muſt the Sun be for the 
Rainbow not to be ſeen at all ? | 

B. When the Altitude of the Sun becomes 
equal to the Quantities of the aforeſaid Angles, 
under which the Bow appears, they cannot then 
be ſeen; that is, when the Sun's Height is equal 
to the Angle COE AO 27, the inner Part E, 
of the interior Bow, deſcends the Florizon ; 
when it is equal to the Angle COF=42* 17, 
the upper Part F, and fo the whole interior 
Bow will entirely vaniſh and diſappear beneath 
the Horizon. Thus, when his Height is equal 
to the Angle COH=54* 22", the whole exte- 

_ rior Bow will be depreſſed below the Horizon, 
and then no Part of any Bow at all can be ſeen; 
hence all the Winter half Year both the Bows 
may be ſeen all the Day, the meridian Height 

of the Sun then at greateſt being never above 


8300. 
: . . A, What 


= „ _— 
a _ 
PT IV A 
—_— [Ya Y] & 


— 
- * 
TAs ne ů E — — 


ä — * = 
as : — | — tees" — 2 - — 1 5 
P dani ————— near -4 r . 1 : D 
— o 1 r ee. A Re On Or ER — - ; : - 
8 0 : wo No, N * — 4 
> N - : 1 2 dry - 


= - \ gn, * 7 


== 


1 


Of various Afections of the Rainbow. 211 


A. What elle, pray, is remarkable of the - 


Rainbow ? Es 
B. The Dimenſions in Engliſi Yardsand Miles, 


I have calculated for every Part of both Bows, 
and are ſuch as are here ſet down at a given Di- 


ſtance of the Spectator, and Height of the Sun“. 
1 Alſo 


* Suppoſe (as in Fig. LX. on Plate XIV. fronting p. 179.) a 


Spectator at O beholds the Bows AEB and CGD at the Diſtance | 


0Q=3 of a Mile, or 1320 Yards ; and that the Height of the 
Sun be at that Time 16 Degrees: In ſuch a Caſe, I have deter- 
mined the Dimenſions of the Bows as follow. | 

1. The Center of the Bows P will be depreſſed below the Sur- 
face of the Earth 364 Yards=QP. | 1 

2: The leſſer Semidiameter of the interior Bow PE will be 
1066 Yards ; and the greater Semid iameter PF will be 1154 
Yards ; therefore. ES, 

3. The Breadth of the interior Bow EF will be 88 Yards, or 


264 Feet. 


4. Again the leſſer Semidiameter of the exterior Bow PG 


will be 1550 3 Yards; and the greater PH, 1770 Yards ; 
therefore, 


5. The Breadth of the exterior Bow GH willbe 2 1057 Yards, | 


or 659 Feet ; 


6. Conſequently, the Breadth of the exteriors exceeds the 


Breadth of the interior Bow by 395 Feet; which ſhew it to be 
more than twice the Width of the latter. 
5. The Diſtance of the Summit F of the interior Bow from 


the Barth Q is 790 Yards ; and the Summit of the exterior Bow - 


H from Q is 1406 Yards. . 

8. The Diſtance between the two Bows from F to G is 
« 30652 Yards, | | 

9. The Diſtance of the Legs AB of the, interior Bow on the 


Earth's Surface is 2052 Yards that is, 1 Mile and 292 Yards. 


io. The Diſtance CD of the Legs of the exterior Bow is 3014 
Yards ; that is, 1 Mile, and +4 of another. 

11. The Diameter of the interior Bow being 2132 Yards, the 
Circumference thereof will be 66944 Yards, or 318 Miles, on 
the Inſide. | 

12. The viſible Segment AEB above the Earth, will be above 
2750 Yards ; or i Mile and a half, and ſomewhat more. | 

13. The inner Circumference of the exterior Bow will be 
933538 Yards, or a little more than 574 Miles; and the Part 
CGD above the Earth about 214 Miles. 


"Theſe are the principal Dimenſions of ſuch a Bow, which may | 


give the Reader a general Idea thereof, and many times is very 
near the Truth. I have ſhew'd the Method of Calculation in 
| Q 2 ay 
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Alſo you have here learned the following Par- 
ticulars: 1. That two Bows do appear toge- 
ther. 2. The Manner how they are both form. 
ed. 3. The Reaſon of the Diverſity of their 
Colours. 4. The Reaſon why the Colours of 
each Bow lie in an inverſe Order to each other, 
5. That the Rainbows never appear but when 
it rains. 6, That the Bow is in the falling Rain, 


and not in the Cloud, 7. That it always ap- 


pears in that Part of the Heavens oppoſite to 
the Sun, 8. The Reaſon why one Bao is ſo 
much more ſtrong, apparent, and vivid than 
the other exterior one. 9. Why they are all in 
themſelves of an equal Bigneſs. 10. Why we 


ſee at ſome Times a greater, and ſome Times a 


leſſer Part of them. 11. Why we can never 


ſee above half a Bom at moſt, and when we can 


ſee none at all. 12. That the Dimenſions of a 
Rainbow may be computed in any known Mea- 
ny :-:: 

A. Indeed, theſe are all exceeding curious 
Circumſtances, and far more than ever I un- 
derſtood before: But you have ſaid nothing of 
the Rambows which appear by Night in the 
Moonſhine ; what think you of them, Sir? 


my Young Trig. Guide, Vol. I. Part 2. Chap. 2. But, by the 
Miſtake of a Number, the Meaſures - there given are erroneous ; 
this Overſight I diſcovercd not till it was too late to correct it. 
They who would fee the Mathematical Theory of the Razn- 
bow, may conſult Sir //aac Newton's Optics, Book I. Part 2. 
Prop. g. or Dr. Clarke's Notes on Rohault's Phy/ics, Part III. 
Chap. 17. Alſo in Dr. Green's Principles of Philoſophy ; and 
Dr. Hallly's Diſcourſe thereon in Philo. Tranſ. No 267. See 
alio No 375. Dr. Pembertsn's View, Page 394. Gracveſand's 
Elem Book III. Chap. 21. Chambers's Diddl ion. and Harris's Lex. 
Tech. at the Word Rainbow, DE | 
B. They 
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B. They are in all Reſpects the ſame as 
thoſe occaſioned by the Sunſhine in the Day x. 


A. But, if you aſſign ſuch a natural Cauſe for 


the Production of the Rainbow, would not there 
have appeared a Bow in all Ages and Places? 
B. Yes, always ſince there have been Clouds, 
and Perſons to ſee the Reflection of the Sun's 
Light from the Particles of falling Rain. 
A, Why, there have been Clouds ever fince 
the Creation, have there not ? = 
B. Yes, undoubtedly, and Rain too. 
A. Pray, then, how could the Rainbow be 
any Thing of a miraculous Production, or be 
made the Sign of a new Covenant, which God 


made with Neah and the New World, as related, 


Gen, 1x. 13, 14, 15? a 
B. That Paſſage does not neceſſarily imply 
that it was any miraculous Production, or that it 


There are obſerved four Sorts of 7ris's or colour'd Bows, . 


(1) The Rainbow ; of which already; and, for Diſtinction, 
may be called the So/ar-Bow. (2.) The Lunar-Bow ; of which 


ſee a remarkable Account in Pl . Tranſ No 331. (3.) The 
Marine. Bow this appears at Sea in the Water which the Wind 


carries off the Tops of the Waves; the Colours in this are not fo 
lively as in the Common Boo; the mott vivid are a Yellow next 
the Sun, and a Green next the Sea. They appear in great 
Numbers, fo that 20 or 30 of them may be ſeen together. Laſily, 
they have a Poſition contrary to that of the common Rainbow; 
that is, they have their Curve Part turn'd towards the Sea, and 
the Legs upwards. See Phils/. Tranſ. N? 337, and 369. (4.) 
The Terreftrial- Bow ; for ſo I call it, as being ſeen on the 
Ground; it is cauſed by Refraction of the Sun's Rays in Drops 
of Dew on the Graſs; Mr. Langwith tells, in one he ſaw, the 
Colours were very near as ſtrong as thoſe of the common or So- 
lar-Bow. It continually changed its Place with the Beholder. 
The convex Part was next the Eye, and the Yertex was very 
near him. The Colours took up leſs. Space, and were more 
lively, that were neareſt him. According to the different Height 
of the Sun, the Figure of this Bow may be either an Hyperbo/a, 
Paralula, or Ellipſis. See Philo). Tranſ, Ne 369. 
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did not exiſt before; for memorial Signs or Tv. 
hens are arbitrary Things, and God might as 
well chooſe the Raznhow for that Purpoſe, as 
any Novelty whatſoever “. 

A. How do you account for thoſe Phæno- 
mena we call Halo's ? 

B. They are Circles ſomewhat akin to the 
Rainbow, which appear about the Sun and 
Moon, and ſometimes variouſly coloured. 

A. Pray what are the moſt remarkable Par- 
ticulars in the Hals? py | 

B. The following: 1. They have always the 
Sun or Moon for their Center. 2. They never 
appear in a rainy Sky, but in a rimy and froſty 


In Ger. ix. 13. our Tranſlation hath it—— 7 do ſet my Bow 
in the Cloud; which indeed makes it ſeem as if it were not there 
before ; but if we attend the Original, we ſhall find the Word 
*NN3 to ſignify, not do ſet, but, 1 do give, or appoint, or af- 
propriate my Bow in the Cloud, for a Sign, c. Again, the Ex- 
preſſion *NwWp, my Bow, plainly implies the Bow was then in be- 
ing, and was a common and doom, ann 5 Once more, 
the Word ry), which we render and it all be, may be as 
well render'd that it may be, &c. the Prefix ) being often found 
to have the Signification of the Adverb, at, that. Wherefore the 
Verſes may be truly thus tranſlated ; Id give or appoint my Bow, 
ac hich is in the Cloud, that it may be for a Sign or Token of a Cove. 
nant between me and the Earth ; and it ſhall come to paſs, when 1 
being a Cloud over the Earth (NHD) and the Bow ſhall be fern 
in the Cloud, (] that Iavill remember my Covenant that is 
betaween me and you, &c. Thus, by giving the Particle ] its due 
Acceptation in three ſeveral Places, the three Verfes run very 
natural, and imply no new Wonder or Miracle. I hope thoſe 
Gentlemen who have been ſo ready in charging me with caſing 
Contempt on the Scriptures, will believe me, 'if I tell them 
once more, that I eſteem the Bible above all Books in regard of 
Religion, and that what I ſay reflects only on the Superſtition 
or Ignorance of thoſe who would make the Scriptures ſay any 
thing inconſiſtent with Reaſon, Common Senſe, or the Nature of 
Things. 0 1 7 7 
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one. 3. They appear blue on the exterior Limb, 
or Border, and red on the interior. 4. The Air 
contained within them is more obſcute than the 


ambient Airwithout round about them. 5. he 


Limb of a Halo, or Width of its Circle, is about 
half a Degree, or 30 Minutes. 6. The Diame- 
ter of the whole Circle of the Halo, is about 44 
or 46 Degrees, more or leſs. See Fig. XX VIII, 
on Plate XVII. fronting p. 207. | 
A. And, pray, is the Halo formed in the 
fame Manner as the Rainbow ? 
B. The Halo is formed by the Refraction of 
the Rays of Light, without any Reflection, as in 
the Rainbow; and this Refraction of the Light in 
the Hailſtones in the Air, will be ſtrongeſt at a- 
bout 22, or 225 300, diſtant each Way from the 
Sun or Moon, and gradually decay both Ways as 


the Diſtance increaſes or decreaſes ; and conſe- 
quently, at that Diſtance there will be formed a 


Circle, we call the Halo, about the Sun or Moon, 
which Halo, as often as the Hailſtones are duly 
figured, may be coloured; and then it muſt be 
red within by the leaſt refrangible Rays, and 
blue without by the moſt refrangible ones : 
And this is the Subſtance of all we know worth 
mentioning of the Hall's. 

A. Then a Word next, if you pleaſe, con- 
cerning the Parheha ; pray what are they in a 
. philoſophical Senſe, and why ſo called? | 
B. The Parhelia are what the Vulgar call 


Mock-Suns, and Paraſelenes are Moch Moons, 


which ſometimesappear in the Heavens, and are 
only Repreſentations of the Face of the true Sun 


or Moon by way of Reflection in the Clouds; they 
0 4 | are 
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are ſo called, becauſe they appear wage ry 
4Xov, beſides the true Sun, and wap r4v 7. 
A,, beſides the true or real Moon. 

A. In what Manner do they appear? 

B. Thus: 1. There is obſerved a very great 
white Circle parallel to the Horizon, as ACDB 
paſſing through the true Sun at S. See Fig, 
XXIX. on Plate XVII. fronting Page 207, 
2. In the Parts of this white Circle appear the 
Parbelia: As in 1629, March 29, there ap- 

eared at Rome 4 Mock-Suns, as ABCD, to a 
ee in the Obſervatory at O; though not 
all of them equal, nor equally ſtrong and vivid, 
nor of equal Duration. 3. They are in Num- 
ber unequal, being ſometimes four, as hete, 
ſometimes more or leſs. 4. They appear ſome- 
times tinged with the Colours of the Rainbou, 
now ſtronger, now fainter. 5. Halo's frequent- 


ly appear at the ſame Time; as in the Caſe now 


mentioned, there appeared two broken ones, as 


the interior one FGH, very ſtrong and Rain- 


 bow-like, and the exterior one IABK, paſſing 
through the two Parhelia neareſt the Sun AB, 
but ſo weak and faint as ſcarcely to be ſeen, 
6. Among theſe four Parbelia, one, viz. the 
Parbelium B, appeared to have a Tail, Comet- 
like, extending to E, the Part oppoſite to the 
Sun 8. 

A. But, Sir, in viewing this Scheme, doth 
not I repreſent the Point vertically over the 
Obſervatory O, as well as the Center of the 
great white Circle; and ſo the Spectator would 


{ee the true Sun, the Halb s, and the two Par- 


Belia A, B, before him, and the other two, C, 
D, behind him; would he not ? 
g. Yes, 


. ” 


_ 1 1 . Co # n RT } — 2 * 


F, 


B. Yes, that is the right Way to conceive a 


true Notion of the Phenomenon.” 
Al. Pleaſe to let me know how the Philoſo- 
pher 8 ſay they are formed. | 8 


B. The great white Circle all around you 


zs formed by the Reflection of the Sun, from 


thoſe icy Particles floating in the Air of the ſame 
Height of the Sun; and therefore the Sun muſt 
be in it, as at 8: The Halo's FH and IK are 


produced as before ſaid: The Parhelia ABCD 
are produced by two Refractions, and one Re- 


flection of the Sun's Rays falling on the icy Par- 


ticles in certain Parts of the white Circle; 
whence there is an Image of the Sun not only 


formed, but painted with the Colours of the 


Boe: But the Cauſes of theſe Phenomena are 
not ſo obvious as thoſe of the Rainbow and 


Halb s, and therefore we leave them *. 


A. But, before we quite diſmiſs this phan- 


taſtic Subject, pray give an Hint what that PC 


nomenon may be we call Virge ? 


B. This is only an Apparition of the Sun's 
Nays darting through the Interſtices of the 


Clouds, or otherwiſe, in the Form of a Bundle 
of Rods as it were. And now, from thoſe 


Things which are ſituated ſo remote from us, 
and in a Region altogether inacceſſible to Man- 


kind, let us deſcend to the Contemplation of 


* If the Reader be deſirous of ſeeing a larger and more vari- 
ous Account of Halo's, Parhelia, and other Appearances of this 
kind, let him peruſe Sir Jſaac Newton's Optics, Book I. Part 2. 
Prop. 9g. Deſcartes Meteora in his Opera Philo/eph. Mr. Hugens's 
Account of the Cauſes of them in Philoſ. Trav. No 60. Alſo 
No 22, 129, 19, 47, 102, 250, 251, 262; and all the Authors 


Feterred to in Note -, Page 187. | 
the 
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the manifold Curioſities and Wonders diſco. 
vered in a Place we know better, and nearer 
Home; to wit, in the Globe of our Earth. 
A. With all my Heart, Sir; for I cannot 
_ tay, indeed, but that I am almoſt weary with 
travelling ſo long through all the ztherial Re- 
gions of the Univerſe; yet, as it hath been on 
the Wings of Contemplation, and faturated 
with all the delightful Curioſities Nature could 
afford, I am fo far from regretting it, that I 
count it the beſt and moſt profitably ſpent Part 
of my Time. | 9955 
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Shi 


THE 


Philoſophical Grammar 


Or, VIEW of 


Modern Philoſophy. 


PART I. 


GE O+L-@.G- Te: 
CONTAINATNSG, 

I, Aphiloſophical View of the terraqueous Globe. 

II. The Philoſophy of Earths, Stones, Metals, 
Minerals, &c. 

III. The Philoſophy of Water, viz. the Seas, 
Rivers, Springs, &c. 

IV. The Philoſophy of Plants and Vegetation. 

V. The Philoſophy of animal Bodies, viz. the 


buman Body, Brutes, Fouls, F. iſhes IO 
Reptiles, Shell- Ani mal, 5 


Shewing the wonderful Diſcoveries of the modern N aturaliſts in 
theſe Parts of the Science. 


_=_ 


CHAP. I. 


Gror ov, or the general Doctrine of the Globe; 
its various Diviſions and Subdiviſions ; of 


the Viciſſitude of Seaſons, and other general | 


Aﬀett1 ons. 


A. RAV, what is imported by the Word 
Geology 2 | | 
B.A 
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B. A Diſcourſe of the Earth in general, or 
terraqueous Globe, as conſiſting of Land and 
Water, from the Greek Words I'n, the Earth, 
and Aoy©-, a Diſcourſe, 

A. How 1s the Earth divided ? 

B. The firſt great and moſt general Diviſion 
of the Earth is into Land and Water ; which 
again are ſeverally ſubdivided into other leſſer 

Parts. 
A. Pray how is the Land ſubdivided ? 
B. Into the following Parts, v2. 


1. CONTINENTS, which are great Trad 
of main Land, containing whole Countries and 
Kingdoms ; as Europe, . Afia, Africa, and Ame- 
rica. 

2. IS LANDs, qr Parts of Land environed 
by the Sea, as Britain, Fapan, Madagaſcar, 

cc | 
3. PeNninsULA's, which are Parts of Land 
encompaſſed by Water, excepting on one Part 
by which it 1s joined to the main Land, or Con- 
tinent, as Morea, Re. » 
4. IsTHMvs, is that Neck of Land joining 
the Peninſula to the main Land. 


5. PROMON TORIES, or Capes, are thoſe 
high Parts of Land which run far out into the 


Sea in a Point, as the Cape of Good Hope, &c. 


See an Account of a new Iſland raiſed out of the Sea near 
Saternini in the Archipelago, May 12, 1507, by Dr. Sherardin 
Phils/. Tranſ. No 314. Alſo of another new and burning Ifland 
raiſed out of the Sea near Tercera on Nowenmb. 20, 1720, by 
Tho. Fofter, Eſq; N*372. This Iſle is in Lat. 38 29', and 
Long. 26 33“. In Ne 361, there is an Account of the Sunt- 
land, as tis called, in the Humber, which was recover'd from 
the Sea about 70 Years ago, and is about 9 Miles in Circum- 
ference, and has a very fat and fertile Soil. 


A, And, 


tl 


of a | 


— MT 22 


— — 2 


1 % 


% 


Of the Earth, and Di viſion of the Land. 4 
A. And, pray, what are the Subdiviſions of 
the Water on the Globe? 


B. Theſe following, vi. | 
1, OCEANS, are thoſe vaſt Collections of Wa- 


; ter which cover ſome greater Parts of the 


Earth's Surface, as the Atlantic Ocean, Mare 
del Zur 7 &c. | 5 | 

2. SEAS; thoſe are leſſer Aſſemblages of 
Water, which lieth before, and waſheth the 
Coaſts of ſome particular Countries, as the E- 
thopic, Indian, Arabian, &c. Seas. 

3. Gurs, are thoſe Parts of the Sea 
every where environed with Land, except one 


Paſſage whereby it dommunicates with the Sea, 


as the Arabian Gulph, &c. | 

4. STRAITS, are thoſe narrow Paſſages of 
Water which either join a Gulph to the neigh- 
bouring Sea, or one Part of the Sea or Ocean to 
another, as the Straits of Gibraltar, &c. 

5. RIivE RS, are Streams of freſh Water 
ariſing from ſome Fountain-head, which by a 
continued Current arrive and diſcharge them- 
ſelves into the Sea *. 

A. What other Diviſions do you make on 
the Surface of the Globe ? 

B. The Earth is again divided, with reſpect 
to the Length of Days and Nights, into Climates. 
A. What do you call a Chmate ? 

B. CLIMATES are ſuch Parts of the Earth's 


Surface on each Side the Equator, and parallel 


* See an Account of the Riſe of ſeveral of the moſt conſider- 
able Rivers in Europe by F. G. Schinchzer, F. R. S. in Philgſ. 
Tranſ. Ne 406. See allo N* 119, And Varen. Geog. gener. 
Lib. I. Chap. 16: throughout. 
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certain Space on hs Earth's Surface, over 


the Ecliptic, or the Sun's Path, doth paſs; an 


tion of the Zones; of which the latter, in Engliſb, is thus: 


= 2 - > - 26.05 . — a. 

4 4 2 3 1 0 » ” 
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thereto, that the artificial Day 1n one ſurpaſſe 
that in the other by half an Hour. 

A. Are there yet any farther. Kinds of D 
viſions of the Earth's Surface? 7 

B. Yes, and a very remarkable one too, =_ 
into the Zowts, called the torrid, W 8 
and frigid Zones *. 

F, 6 Pray what doth the Word A mean 8 
B. It is derived of the Greek Zewvy, a Belt, an 
Girdle; becauſe they, being large parallel Par 2 
of the Earth's Surface, do encompaſs the G 
of the Earth, as a Beli doth the Body of a M 

A. What is the torrid Zone, and 9 18 
. 

B. In the Map adj joined, you may ber 


middle of which paſſeth the Equator, and 


included between two double Parallels, one t 1 


wards the North, called the Tropic of Cance_ 
and the other Sen daf called the Tropic 1 


Capricorn; over all this Space, from the Norl , 


to the South, you may obſerve the Line calle 


conſequently doth at ſome Time of the Yeard 


9 Virgil and Owid have both given a very beautiful Deſcri 


And as two equal Zones on either Side, 
On left and right the meaſur'd Heav'ns divide: 
While the fifth rages with intenſer Heat 
So the ſame Lines the parted Globe compleat : 
Exceſſive Hears poſſeſs the midmoſt Place, 
A ſad, aduſt, inhabitable Space: 
On two, eternal Hills of Snow are ſeen, 

And two indulgent Heav'n has plac'd between, 
Whoſe Climes a due proportion'd Mixture hold, 
Temper'd with equal Parts of Heat and Cold. 
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other paſs twice over every Part thereof, and 


ſcorch it; and from its being thus forriſied b 
the Sun's exceſſive Heat, it is called the torrid 
Zane? 

A. Which do you call the temperate Zones? 

B. Theſe are two Tracts lying next the torrid 
Zone, one on the North, the other on tha South, 
each bounded by, or contained within the Tro- 
pics and polar Circles, as are plainly diſcerned 
in the Map; they are called temperate, becauſe 
the Sun never paſſeth over any Part of them, but 
ſhining oblique on them, maketh them to have 
always a moderate Degree of Heat and Cold. 


B. They are thoſe two Tracts of the Earth's 
Surface contained within the polar Circles, 
Northward and Southward, as you fee in the 
Map; over the Center of each of theſe is the 
Fole; the Sun being at a great Diſtance from 
theſe, and abſent ſo long from ſeveral Parts 
thereof, together with the great Obliquity of 
his Rays when preſent, cauſeth prodigious 
Cold continually over all thoſe Parts; and they 
xe therefore called the Vvigid Zones. 


A. Pleaſe to let me underſtand the Reaſon 


of the different Degrees of Heat and Cold, in 
any one Place through the Year. 

B. This will be better apprehended if we 
firſt diſcourſe a little of the various Seaſons, and 
their Cauſes, in which-the Differences of Heat 
| and Cd are found; and firſt, if you pleaſe, 
we will enquire the Reaſon of the different 
Length of Days and Nights. 

| A. That 


Different Length of Days and Nights. 223 


by its perpendicular Rays doth greatly heat and 


» 
rr G i — _ - 
* — 3 : — 


A.And wheredo you place the rigid Jones? 
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A. That will be very acceptable to me: for 
I muſt confeſs to my Shame, though I have 
lived ſo many thouſand Days and Nights, [ 
could never yet tell why one was longer or ſhorter 
than another; be pleaſed therefore to make 
the Matter evident, if poſſible, by a Scheme. 


B. Yes, I will warrant it is poſſible; caſt your | 


Eyes therefore on Fig. XX XI, on Plate XXI. 
fronting Page 234, and view well the Situation 
of the Globe; it is there in its proper Poſition 
for London, which you ſee in the Zenith at J, 
whoſe Horizon is the Line HO, all under which 
to us 1s dark, and all above it light. 

A. Very good, ſo far I can follow you; pray 
go on. * ; 

B. Then next you - muſt conceive the great 
Circle OPQ to be the Meridian of London, on 
which the Sun comes every Day at Noon, and 
every Night at Midnight, on ſome Part of it 
or other. 

Al. But, pray, why do you ſay on ſome Part 
or other? 

B. Becauſe the Sun is never preciſely on the 
Meridian in the fame Place two Days together; 
but every Day declines from, or approaches 
nearer to, the equinoctial Line EO,, which ſur- 
rounds the Earth in the Middle. 

A. Pray how far does the Sun decline from 
the Eguinoctial at moſt ? 

B. The Sun from March 11, to June 11, de- 
clines from to T, which is 23 30', or 16333 
Engliſbb Miles on the Earth's Surface; then from 
Fune 11, to Sept. 1 5, it returns again from T to 
the Egquinoctial E, from which it ä V, 

5 where 


P 3% gas — 


for 
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ter 
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The Inequality of Days and Nights, 225 
here it is found about December 10; and 
thence returns again to A by March 10, 

A. Then I ſee the Sun is neareſt London at 
T, at a mean Diſtance in n A, and fartheſt of all 
from us at V. 

B. Yes, it is ſo; now b the Sun in the 
Meridian at theſe three ſeveral Places T, , V; 
then, becauſe the Earth turns each Day once 
round its Axis PD, the Sun in each of thoſe 
Places will deſcribe a Circle; one of which, 
dix. the middle one, , will be the Equinoc- 
tial itſelf ; and the other two, TR and VW, 
will be parallel thereto on either Side, and are 
the Tropics of Cancer and Capricorn: Do you 
underſtand me, Sir? 

A. Ves, pretty well; you mean that the 
tree Lines TR, E, VW, repreſent the Path of 
the Sun from Noon in T: E, V, to Midnight 
in R,. Q. W, on Fune 10, March Io, and De- 
nber IO; do you. not ? 

B. Yes, you take me very right; now it is 
obvious, when the Sun has paſſed half Way 


from Noon to Midnight, it will be found in 


the Line PD (the fame here as the Earth's 
Axis) in the Points G, V, M, and that then it 
is 6 a-Clock; alſo, when it touches the Hori- 
zo0n-in XV Z, it there ſetteth from our Sight, 
and conſequently terminateth the Day, and be- 
ginneth the Night, on theſe Days. 

A. Very well, Sir, I believe I ſee your Con- 
cluſions already. 

B. Indeed, Sir, they are very evident: For, 
1, Suppoſe the Sun in Æ the Equinoctial, then 


it is apparent, that it will on theſe Days, viz. 
| P March 


— 
L 
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March fo, and Sept. 12, be in the Horizon Y 
preciſely at 6 a-Clock; and therefore his Path 
by Day AY, will be juſt equal to the fame by 
Night YQ. 2. Suppoſe the Sun at T, as on 
June 10, then it is at 6 a-Clock in G above 
the Horizon a great Way ; but it deſcends the 
Horizon at X; and therefore the daily Arch 
TX is longer than the Arch by Night XR, by 
the Difference GX. 3. Suppoſe the Sun in 
V, then the diurnal Arch VZ is juſt as long as 
the nocturnal Arch XR before, and the noc- 
turnal Arch ZW is here the ſame Length with 
the diurnal Arch TX, in the foregoing Cafe: 
Do you underſtand me hitherto ? | 

A. Yes, I believe I do: As the Sun declineth 
from & to T, and back again, the Length of 
Days exceeds the Length of Nights, in as much 
as it muſt paſs ſome Diſtance beyond the 6 
a-Clock Line GY, before it can come to the 
Horizon ; and on the contrary, while it is be- 
tween A and V, it meets with the Horizon 
before it comes on the 6 a-Clock YM, and 
therefore the Days are ſhorter than the Nights, 
by juſt fo much as the Nights are ſhorter than 
the Days in the other Caſe; this is what you 
mean, 1s it not ? * 

B. Yes, the very ſame: I have only this to 
obſerve, that the farther you go Northward, 
the greater is the Difference or Inequality of 
Days and Nights, and the contrary. 

A. That I alſo perceive plainly from the Fi- 
gure; for the nearer HO inclines to /£Q, the 
greater will be TX, and the leſſer VZ, or the 
greater will be GX, or MZ, the — of 

a7 


E 


Day and Night: But, pray, what means s that ob- 
255 Part of the Night, comprehended be- 
tween HOAB, which is neither dark norlight? 

B. It is the Crepuſculum, or what we call the 
Twilight, the Line AB being 18 Degrees be- 
low the Horizon HO, and during the Time 


the Sun paſſeth from HO, to AB, in.the Pa- 


tallel of any Day, his Rays are partly refract- 
ed by the Atmoſphere : and ſo we have ſome 
faint Light 'till he gets below the Limit AB, 
we are left in total Darkneſs. . 

A. Iunderſtand you mean, it is Twilight while 
the Sun paſſeth from & to R, from Y to 8, and 
from Z to M, on the Day the Sun deſeribes the 
Parallels TR, AQ, and VW ; do you not? 

B.Yes, I do; and hence, at London you may 
obſerve, that when the Sun! is in T, that is, in 


the Tropic of Cancer, there is no dark Night | 


at all; for the Parallel of that Day TR doth 
not touch AB, nor will it for about a Month 
before and after; ; that is, from May 11, to 
July 10, there is no dark Night. 


A. Pray, when doth the ſhorteſt Twilight 


happen in all the Year ? 

B. On October 1, and February 19; for then 
the Sun deſcribes the Parallel, whoſe Diſtance 
en is the leaſt, hetween HO and AB, of any 
other whatſoever 5 

A. Well, Sir, I thank you for your Labours to 
rectify my Notions of Day, Night, Twilight, &c. 
of which, tho' they are common Things, yet, 


Ses the Method of inveſligating the ſhorteſt Twilight in 2895 
Kills Aftronom. Led. XX. Page 239% 


P 2 I never 


The Twilight 2275 


_ 
- 
— 1 
2 
0 — — ——ę—e— — — rt wy mY — —_ 
2 . | my — 2 44 — ——ů— * 2 —_— -_ = v — 
2 = — N — — 2 — . Sr rs * 
3 8 "IS — — — . 7 7 7 8 p — ” l 
—— 4 ' rr 7. as nd ee 
: 2 3 — 8 - e 8 E ͤ „ 0 ET Ss 
» _m_—_— * — 0 % = 1 
F 5 . 626 8 W X 3 = — — 4 * \ WR | 5 
= = - by 5 "5 . * A" I 
F 7 4 — Wd” Ll a 
l [ Ss. e e , 
ogy ME l r = | 
on n 4 TT & 1 3 - o l 
Nr = * 3.” * = by. = = -_- 3 AT -— 


_ a - 2 « 
{x oo 1 125 
n 12 


— D ANTS £ — 
+ oe IS utes ——— . —— 
= 


— 4 
_ _— — * A - 
— —I—ꝛä— — 
_ — * — - 
OO » x 


' 
* 
4 
TH 
x g 
* 
1 
_ 
7 
_ 
* 
U 
13 
* 
1 
1 
1 
. * 
+ 
4 
=. 
Li 
1 
: i 
; 
* 
1 
3 
1 
= 
- 
8 
4 
2 
4 
% . 
= * 
1 
7 1 
1 
4 
N 4 
7 N 
WL 
+ 
4 
* 
"at 
1 
ec ” 1 
. 
d 
G 
42 3 
94 
wa 
A 
þ 
I» 
3 
17 
1 
4 
4 1 
1 
EY } 
* 
x. 
= x 
* 
1 
TY 
. j 
1 1 
1 18 
F: 
* 
4 
* 
1 
\ 
2 
* 


tn rt 2 


— — 4 
_= * 2 
— — * 9 N 


1 
— FE. ASSL 
— = —_— 
r 


* 
FAA - = geek. - | 
& A —_ 5 
— - 


ov 4 F * es 
— 2 — 
— LL re — A am . 4 
Py "IP — * - — 
Wenn F r 
— 1 2 * —— — 


— — — 
— bh 


hg FA OY * = — 
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I never had a good Notion before now: | Nell 
do I yet well conceive the Reaſon and Manne | ' I 
of the various Changes and Viciſſitudes of the Sea. EY 
ſons which happen through the Year ; and, inn 
you could repreſent this to me in a 'Fi igure, 
ſhould be greatly obliged to you. 

B. have contrived a Scheme for that veryl 
Purpoſe (Fig. XXX. on Plate XIX. fronting 
p. 228.) which pleaſe only to view very care 
fully, and you will ſee therein a natural Repre 4 
ſentation of a whole Dr. FE 
Al. Sir, I obſerve it with all Diligence, and 
ſee ſeveral Things therein very remarkable 
But, yet, I beg you would | pleaſe to point them 
out in the natural Order, in which they ſhould 
be conſidered, that I may the better apprehend s | 
the Deſign of the whole. n 
B. That I will; and j-/,, you obſerve in the E | 
Center of the Scheme is placed the Sun 8, about 
which, at a great Diſtance, is the circular Orbit_ 
of the Earth, called the Zodiac, divided into 4 1 
12 Signs, dig. Y, &, 1, , K, m. , Cc. me 
which you ſee the Earth in 4 ſeveral Poſitions = 
the fir/t in Aries w; the ſecond in Cancer es; the nl 
tbird in Libra &; the fourth in Capricorn mm 

within this there 1 'S a dotted Circle of Mantis, 3 

ſhewing the Time of Tear when the Earth is in 
any Part of her Orbit: Now with regard to the 
Earth itſelf, you ſce its Poſition every where is 
ſomewhat inclined to the Plane of her Orbit ; 

that is, the Earth's Axis NS doth not ſtand per- 
pendicular to the Plane of her Motion, or (which 
is the ſame) is not parallel to the Auis of the 
ſaid Plane, but makethan Angle therewith equal 


to the Angle made by the Interſection of NS 
with 
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| with AK ; for this AK you ſee is always a Dia- 
WT meter of that Circle which boundeth Light and 
Darkneſs on the Earth's Surface, and is every 
where perpendicular to the Plane of the Earth's 
Motion, or parallel to the Axis of that Plane, 
Now the Earth's Axis, thus inclined, is ev 
WL where parallel to itſelf; that is, theAngles NA 
Win the , and NA in the ſecond, N=A in the 
ird, and NyyA in the fourth Poſition of the 
Earth, are all equal to each other, and fo are 
equal in every other Poſition through its Orb. 
he Quantity of this Inclination or Obliquity 
ef the Earth's Poſition is 66 Degrees 30 Mi- 
nutes, equal to the Angle NR, &c. Now it is 
Wevident, that, by Means of this parallel Incli- 
vation of the Earth, the North and South Parts 
of the Earth, or its Poles N and 8, will be 
Wiometimes nearer the Sun, ſometimes farther 
off, and ſometimes each Pole will be equally 
diſtant from the Sun; and from hence we ſhall 
eee the Reaſon of, and how the Seaſons are 


che Earth in Aries „, about the 12th of 
S:ember, and in the third Pofition in Libra, 
in March the oth, it is evident the Sun doth 
chere enlighten the Earth from Pole to Pole, 


Wor the Circle bounding Light and Shadow doth 


blen paſs through the Poles, and eonſequent- 


. ly at equal Diſtances from the Equator EQ 


(ia which the Sun then appears) the Sun's 
Heat will be equal on both Sides; and thus 
an Equality of Days and Nights, joined with 

a mean Proportion of Heat, conſtitute thoſe 
% Seaſons of the Year, we call Spring and 
Autumn. 2. Again, in the fourth Poſition 
. of 


The Seaſons explained. 229 


ul produced. For, 1. In the he Poſition of 
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of the Earth in , about the 10th of June, 


when the Sun will appear in the oppoſite Sign 
Cancer =, it is plain the North Pole N, and 
all the Parts about it to the Diſtance of A, 
will be ſituated nearer towards the Sun than 
before; and all the South Parts removed fare 
ther from the perpendicular Rays thereof, The 
perpendicular Rays of the Sun here fall on R, 
which is diſtant from the Equator Q. North. 
ward 23* 30'; and therefore all Places in 
North Latitude, receiving the Sun's Rays 
nearer their Vertex,or Zenith, will find a greater 
Degree of Heat, and a longer Continuance of 
his Light by Day, and therefore have now 
their Summer, as at London, while all the 
Inhabitants of Southern Latitude have their 
Winter, z. Laflly, in the ſecond Poſition of 
b Earth in æ, the Sun will ſeem in Capricorn 

: It is manifeſt the North Parts will here be 
in u Dales and have their Winter, as they 
in South Latitude had theirs, in the laſt Poſi- 
tion ; that is, by being removed farther from 
the Perpendicularity of the Sun's Rays; and 
under the Obliquity of the Sun'sRays the Heat 
is diminiſhed, and alſo the Duration of his 
Light by Day ; ; which together muſt cauſe 
Winter 3 in all the Northern Latitudes, I hope 
you have underſtood me through this long 
Harangue. 

A. Indifferently I han, and can eaſily ſee 
from this Scheme the Reaſon why we muſt have 
thoſe Viciſſitudes of Seaſons, as you have ex- 

lained it: But I really thought Summer had 
bike occalioned by the Sun's being very near 
us 


. 
1 q | g 


Diftance of the Sun in Summer and Winter. 23 I 


us, and the Winter by his going farther from 


us, till I fee you aſſign other Reaſons for it. 

B. Aye, that is the general Miſtake of com- 
mon People, they think the Sun is really 
nearer in Summer, and farther off in Winter; 
when the Truth is juſt the contrary, for the 
Sun is much nearer in the Minter to our Earth 
than it is in the Stummer. 5 - 

A. This is a range Paradox, indeed; pray 
how do you make it out ? 15 

B. Nothing is more eaſily proved; for loo 
once more on the Scheme, and heed it well, 
and you will fee the Earth's Orb is not a 
Grcle, but an Oval, whoſe longer Diameter 
is e 8 he, in which the Sun is; but much 
nearer 5, in which the Earth is at Winter, 
than ve, its Place in Summer. : 

A. I underſtand you very well, Sir, you mean 
the Diſtance SP, is leſs than the Diſtance SR ; 
which I did not before obſerve indeed, though 
{ might, for it is obvious enough. 

B. It is right, I ſee you apprehend me well; 
and therefore you will alſo underſtand that the 
Summer half Year is ſomewhat longer than 
the Winter half Year ; that is, the Part of the 
Earth's Orb «ev, is greater than the other 
Part s, and therefore more Time will be 
requiſite to paſs the Summer half Year than the 
Winter, by about 8 Days ; and hence allo, the 
Sun will ſeem to move ſomewhat flower in 


the Summer than in Winter . 
+ For a much larger and clearer Illuſtration and Repreſenta- 


tion of theſe Matters, ſee my large Print, entitled, Sy nops1s 


SCIENTI CoOELEST1s, or, The Knowledge of the H E A. 
VENS and the EARTH diſplayd; which is ju t now pubs 


iſh'g 
P4 A. All 
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A. All theſe Things evidently follow indeed 
Sir, from the Conſideration of the Earth's Orbit 
being an Ellipſis: But I am not fully ſatisfied 
about the Sun's Heat being ſo weak and faint 
in the Winter, when the Sun is really neareſi 
to us; and ſo very ſtrong and intenſe when the 
Sun is really farther by much from us. * 
B.You will ſoon ſee the Realon of that when 
you confider: 1. That it is not the Rays which 
fall on us, but thoſe which are reflected back 
from the Earth's Surface, that chiefly heat us. 
2. That thoſe which fall on us moſt directly, or 
neareſt to the Perpendicular, are the moſt in 
Quantity, and act on us with the greateſt Force: 
Thus, in Fig. XXXII. on Plate XXI. fronting 
Page 234. the Rays of the Sun, on the longeſt nl 
Day of Summer, fall on London, under the An- 
gle TLO, in Spring, or Autumn, under the An- 
gle LO, and in the midſt of Vinter, under 
the Angle VLO, and the Quantity of thoſe An- 
gles are reſpectively 655, 38* 3o', 15*; where- 
fore the Force of the Sun's Rays, in each of 
thoſe Caſes, ſhall be proportioned to the Sines nl 
of thoſe Angles, which are, as 88294, 62251, 
and 25881; that is, 10, 7, 3, nearly, for thoſe 
Numbers are in Proportion to the Sines TA, 
EB, and VC, of the aforeſaid Angles : The 
Quantity of the Rays alſo falling on the ſame 
Extent of Surface is greater or ſmaller, as their 
Obliquity is leſſer or greater, and fo the Inten- 
ſity of Heat is greater and ſmaller ; and there- 
fore the Sun's Heat in Winter muſt be weak- 
eſt, becauſe then the Sun's Rays fall moſt ob- 
liquely on us. Beſides, 3. That Rays of the 
Sun paſs through a much greater Part of the 


+ 


= 


oy RO \ "1 N ANOAC Fs < e 3 9 F 2 r * 
= WAS = RY 90 3 > = dn * a 


PR — Mod 9 


#0 \ Z FE l > & 5 i - 9 W 3 
1 — on dns . NJ? 


P_ 
9 P 2 
p * v * 1 ; . 7 © Y o e 
| i F 
: * 
' 4 * | ſe 
1 { Il, ( „ 
os 4 \ I ff 2 
9 5 Te f / f 
| | Lu Wo | ? 
, : 8 4 , } 4 
' = | „ 8 Sx 2 
e 1 ” * A 4 * ” iP 8 
- * . » 
* 1 3 * 4 * -y : * 9 ” g 1 8 N. : y * 4 N E * 2 
A | \ , ” » 1 % ? — 4 2. F 
ed, „„ Ve So *X f : : , * 
5 . —_ —— — — bo 
1 Nen * 1 — — —A—— . 
1 d * 4 4 17 * — — —̃ñ——̃ ſ ͤ———— : 
1 x * * — —ññꝛ ͤ — — — 
| 1 * 4 III III j—r—5r—,«0«ß — ” 
ol — — — — ... —ͤ ͤ äũ ——— Y 
OO — — - 
117770 — ——— — — —— ——äê— 
a Firs — —— fſ—f . Een 
Aan DER RR Em_——_—==== 
111 111 v1 4 F ee ˙ ! —N1N mn 
921 1444 un oy. : — 4 — — - 
F 4 . 1 4 ii! 0 +- 
by p Bk A I } 4: 4 ———— — 
2 8 PE}; 16 1 ———— —ͤ—2 
> at * — —ñ——ů—ů————ĩwc — — — — i 
. : — — 0 
tf 2h ; N . > 5 — — — 0 1 H | 
—4 "T7 þ N . — ͥ —-— — A 
renne : ——— ; 
"4 5 > * — FIN — x — O— ————— b 
a NN 1 ©: > * 7 5 —— —— — — f ? 8 
; . % [ % - > ——— ————_ k 
\ Fa 4 > x - \ 4 5 —w— — — Y 
* * »* val) ROT * 1 * — — — ' U 
So Por LS NG 2» f p —— (] ' \ 
— Nee ann, (| 9 — (é— ' ; 
. 1 „ EILEEEIIED. Pur „ [ILL A [ 
CEE CA NEVE NE ' SD x | 
7 1 n ' —— Ü—ͤ— 1 5 [5 
h g 0 — — ; ' i 
a ——— „ 
1 U — CA ——— U * i 
3 5 — — ' 0 
' — — = - 
— — — n 
1 g 1 ——— ——— 4 7 * 
A — 1 0 
1 ' — (] . 
[| 1 — nr — — 9 Li 1 
— — Ln et Rp ont 
l — — 
* — - — ſ — 
1 1 — — : 0 
” o ' . — — __ ' 5 
: ; DD — » 1 f 
3 1 | ' 4 —— . 
S 1 : EX — —— ¶ — t 
' 8 ——— 9 $ 
— SLININ 
—— — ar 
ä—U)TTU“U—— — ; 
' ' —— [1 4 
— —ũ——ꝙ—Ẽ ——— 
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O the Difference of Heat and Cold. 233 
Atmoſphere in the Winter than in Summer (as 
is evident from viewing the ſame in the ſecond 
and fourth Poſition of the Earth in the Scheme) 
and therefore muſt be, when arrived to us 
at L, mo weak and faint in the firſt than in 

T A. Sir, 


| 


* The Numbers above, wiz. 10, 4, 3, new the comparative 
Intenfity of Heat of the Sun's Rays, under the ſeveral Altitudes 
To; O, and; VO, ſimply, or in themſelves conſider'd; but if 


we would ktigw what Proportion all the Heat of one whole Day 


beari to all tha Heat of any other, it is a Problem of another ſort. 
2. This Proportion is expreſs'd by the Area's of two Figures 
ABC and DEF (in Fig. LXI. on Plate XX. fronting p. 233.) the 
Baſes of which/AB and DE, are the Times of the Sun's Continu- 
ance above the Horizon, and the Perpendieulars erected thereon, 
and connected by the Curves ACB and DFE, are Times of his 
ſeveral Altitudesfor the given Days; that is, the Heat of one 


Day is to the Heat of the other as the Sum of all the Sines of the 


Sun's Altitude on the firſt Day, is to the Sum of all the Sun's 
Altitudes on the other. Wy 
3. But to expreſs this more readily for any Day, the incompa- 
rable Dr. Hafley has invented a general Rule or Canon which he 
has given with its Demonſtration in Phil/eph. Tranſ. No 203, 
which, as being of great Curioſity and Importance, I ſhall her 
explain and exemplify. ; . 
4. The Rule is: Multiply the Sum of the Sines of the Meri- 


I | dian Altitudes in any two oppoſite Parallels into the Sine of the 
_= Scnmidiurnal Arch; alſo multiply their Difference into the ſame 


Sine; the Sum of theſe two Products for the Summer, or their 
Difference for the Winter, is as the Sum of all the Sines of the 
Sun's Altitude, or as the Heat of the Day propoſed. 

5. For Example : Let the Proportion of Heat be ſought for the 
toth of June and December, when the Sun is in the Tropics of 
Cancer and Capricorn, for the Lat of 5 32. Then Y 

85 N at. Sines 


The Sun in Cancer, Mer. Altitude is TO=619 o8'=,882674 
The Sun in Capricorn, Mer. Altitude VO==149 58'=,258257 
The Sum of theſe Sines is — I, 140931 


Their Difference is — 0, 24417 
The Mot. from 12 to 6 is 90 oo==FG | | 
| =o Aſcen. Diff. is then : 3 - 1'a=GX 
The Sum is the Semidiur. Arc DE 
for the Summer Day 1125 rx Sine. 
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234 The PHILOSOPHICAL GRAMMAR, 
A. Sir, you need ſay no more; I am ſufff- 
ciently convinced there is abundant Reaſon for Will 
LAY Ba the WM 


Again the Radius being — — 10.000000 
The Circumference of the Circle will be 6.283183 
And the Meaſure of the Summer Arch 123% 1 499% 
And the Meaſure of the Winter Arch 56 49 , 991683 
6. Having thus prepar'd the Numbers, then according to the 
Rule, the Product of 1, 14093 1 by o, 83692 3 added to the Pro. 
duct of o, 624417 by 2, 14905 5 is equal to 2, 29734, which ex- 
reſſes the Heat of the Summer's Day. In like manner 1, 140931 
1 o, 836929 ſubtracted from o, 624417 by 0,991683, leaves 
o, 33895 for the Heat of the Winter's Day. But theſe two Num- 
bers 2, 29734 and o, 33895 are to each other very nearly in the 
Ratio of 7 to 1, which ſhews that the Quantity of Heat on Jun 
the 10t® is 7 Times greater than that on December 10, all other 
Circumſtances being alike, | | 


* 


7. According to this Rule Dr. urg BSI 
Keill has computed the Heat of I clination Narth, South. 
the Sun for every five Degrees of — 

its Declination Nerch and South, |. © ff 453 ee 
at the Latitude of 512.00 as in. 5 1.6920 30%. 84500 
the Table here adjoined. ts 4974890. 6889. 
20 12597 7 

234 2.299100. 3798 


* & 


8. Dr. Halley did alſo from | den in Sun ian th 
this Rule calculate the annexed Lat. . 25. {| Ws. 
Table, ſhewing the Degree or. |<"? 20000, 18341 [18341 
Quantity .of Heat at every 10 | \612020011thhas! 
Degrees of Latitude for the E- ..: 8 x 1 147 12166 
guinoetial and Tropical Sun both {4-221 1226 7 1012 
Summer and Winter; from 5 bu bone 5 
whence alſo an Eſtimate may | 50 [12855 22991] 3798 
be made for the intermediate | 10 22773 1075 
Degrees. - 1 70 | 6940123543] ooo 
| $2 347324673 ooo} 
190 oO00O 250899 


9. From theſe two Tables Dr. Kill has well obſerv'd the Ad- 
vantages ariſing from the preſent obligue Counſe of the gun in the 
Etliptic, above what could have been enjoy'd had the Earth had 
a right Poſition, or the Sun moved continually in the Eguinoctial 
Line, as Dr. Burnet, and ſome other Theorifts, pretend it wy” 

. | 10. For 
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Of the Difference of Light and Heat. 23 5 


| e Differences of Light and Heat, and all the 
| Variety of Seaſons through the Year, though I 


ver was ſo happy as to underſtand it before: 


Wc will now proceed to diſcourſe of the inter- 
n Subſtance of the Globe, if you pleaſe ; for 
ME have ſeveral Matters of great Importance to 
eeaqoire of you about, relating to its Conflitu- 
n, Texture, and various conftituent Parts. 


B. Sir, none will more gladly take the Plea- 


| - Wore to reſolve you, according to the Judg- 
rents of the beſt Philoſophers of the Age, than 
or humble Servant: Pray therefore make a 


Beginning, : 
10. For from the firſt Table it is evident the Sum or total 


| , which the Earth receives in Lat. 519 N. while the Sun de- 
—_ cribs any two oppoſite Parallels, is greater than the Heat of 


two Equinoctial Days there; for Example, the Heat of the Sun 
zoth Degree of North Declination is 2, 139 19, and in the 20th 
4 15 of South Declination it is o, 46916, the Sum of both 
thele is 2,6083 5 which is greater than 2,5 1728, the double of 
the Heat of an Equinoctial Day 1, 25864. And by the ſecond 
Table it appears all Latitudes beyond 45 Degrees enjoy this Be- 


23 net, and they alone need it. 


11. Again, the ſame Gentleman proves that the Torrid Zone, 
and to near 45 in the Temperate Zones, the Heat of 
the Sun is 4% in the preſent Caſe than it would have been in the 
other. Thus the Sun's Heat deſcribing both the Tropics, to thoſe 
under the Equator, is twice the Number 18341, viz. 36682 
but the Heat of two Equinoctial Days is 40000, which is a great 
deal more than the other, and therefore the preſent Poſition of 
the Earth is moſt convenient for them, and conſequently for all 
the People of the Earth, and proves it to be that which it firſt 
received from the Hands of its All. auiſe Former. See Dr. Keill's 


Exam, of Dr, Burnet's Theory of the Earth, p. 70 to 76. 


THE 


- * 


WEE & 
| E 
GzoGRAPHY, or the PHILOSOPHY of the 
CONSTITUTION, TEXTURE, and conſli- 
tuent Pa R Ts of the EARTH, deſcribing the 
various STRATA'S of EARTHs, Fo SSILS, 


MINERALS, METALS, STONES, and other 
ſubterraneous Su BSH ANCES. 


5 RA V, what is the internal Make and 


Conſtitution of the Globe of our Earth? 


B. The Earth generally ſpeaking is conſti- 
ſtuted of the two Subſtances of Earth and 


Water ; the Water, as the lighter Part, poſle{- 


ſing the greateſt Part of its Superficies ; and 
the Earth being the heavier Body, making up 
the internal Compoſition-; about which it is, 
I preſume, you here ſolely enquire #. | 
A. Yes, what I would know is, of what the 
internal ſolid Body of the Earth doth conſiſt? 
B. To this I can only anſwer, that fo far as 
it is within our Scrutiny near the Superficies, we 
find it to conſiſt of different Strata, or Layers 
of Earths, Minerals, Metals, Ores, Stones, and 
various other compound Bodies both hard aud 
ſoft : But what the more internal Parts, or Com- 
poſition of it may be, we can tell but very little: 
However the deeper you go, the ſolider and 
more compact you find its Matter to be, and 


the more firmly and ſtrongly does it cohere to- 


gether ; yet it is very certain that within the 
Entrails of the Earth are many Caverns, Re- 
ceſſes, Windings,Conveyances,and vaſt Recep- 


* Seeanoble Deſcription of the firſt Formation of the Earth and 
the Heavens from their Chaozzic State, in Ovid's Princip. Meta- 
morph. Lib. i. and Milton's Paradiſe Loſt, Book III. ver. 709 
and Book VII. ver. 216 to the End. | | 


tacles 
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tacles of Water, ſulphureous Subſtances, &c. 
which are often the Cauſe of Earthquabes, and 
ſupply Vulcanoes with their fiery Eruptions, as 
Mount Etna, & r. TE : 

A. What do you ſuppoſe to be in the very 
Middle of the Earth; that is, in and about its 
Center? . 

B. Nobody can certainly tell; the Earth's 


Center is near 4000 Miles from us, and we can 
netrate towards ĩt but a few Fathoms ; how 
very unlikely then is it, we ſhould know 


any Thing at ſuch a vaſt and impervious 


+ Sir J/aac, mentioning ſeveral Experiments made with com- 
buſtible and exploſive Subſtances, ſays ; By theſe Experi- 
« ments compared wich the great Quantity of Sz/pbur with which 
« the Earth abounds, and the Warmth of the interior Parts of 
* the Earth, and hot Springs, and burning Mountains, and with 
« Damps, mineral Coruſcations, Earthquakes, hot ſuffocatin, 
« Exhalations, Hurricanes, and Sponts ; we may learn that hol. 
% pbureous Steams abound in the Bowels of the Earth, and fer- 
« ment with Minerals, and fometimes take Fire with a ſudden 
 Coruſeation and Exploſion, and if pent up in ſubterraneous Ca- 
* yerns burſt the Caverns with a great Shaking of the Earth, as 
* in ſpringing of a Mine. And then the Vapour generated by 
„ Exploſion, expiring thro? the Pores of the Earth, feels hot and 
« ſaffocates, and makes Tempeſis and Hurricanes, and fometimes 
„ cauſes the Land to ide, or the Sea to boz/, and carries up the 
Water thereof in Drops which by their Weight fall down 


4 
— 


again in Spouts. Alſo ſome ſulphureous Steams, at all Times 


* when the Earth is dry, aſcending into the Air, ferment there 
* with zztrous Acids, and, ſometimes taking Fire, cauſe Lightning 
* and Thuader, and other fiery Metcors.”* | Optics, Book III. 


Query 31. 


dee feveral ſurprifing Accounts of Water-Spouts in the Medi- 
terraueat in Philo. Tranſ. N' 277. Two in Yorkfrire, N* 281, 
284. One in Lancaſhire, N? 363. Another in the Downs, 
Nozyo. That the Reader might have fome Idea of theſe 
Spouts I have here given the Figure of one, Fig. LXII. on 
Plate XX. fronting p. 233. where AB is the Cloud whence pro- 
ceeds the cury'd black Spout C. D is the Water of the Sea, 
which at the Spouting of the Cloud boils up, and rites in the 
Form of a ſolid Pillar to meet the Spout. GG i the Water of 


the Pillar or Column D, ſcatter'd round about the ſame like 
Smoak or the Fallit g of a Jette d eau. ET is the Surface of the Sea. 


Diſtance? 


nerals, &c. one under another. 5 
t See a large Diſſertation on this Subject, and the whole 
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Diftance ? However, the learned Dr. Halley has 


made it very probable, that a great magnetic 
Body, or Load-Srone, doth poſſeſs the central 


Parts of the Earth; which occafioneth the Vi. 


riations and Declinations of our magnetic Nee. 
dles, which always conform themfelves to the 
Site and Direction of this central Magnet, or 
Lond. Stone; which is ſuppoſed to deviate from 


the North and South Points, and from the ho. 


rizontal Poſition, with reſpect to us . 


A. If that be fo, it is very wonderful, and a 


noble Diſcovery: But, pray, what is it binds 

the ſeveral Parts of the Earth, or makes them 

cohere ſo cloſely together ? | 
B. The Coherence of the Earth is entirely 


owing to the Power of Gravity, or the Weight 


of its conſtituent Parts ; whence, as I before 
ſaid, it is reaſonable to believe the moſt weigh- 
ty and ſolid Bodies lie neareſt the Center of 


the Earth, as being the Center of Gravity it- 


ſelf. 


A. Well then, ſince the more interior Parts of 


the Earth are fo little known, we leave them, 
and content ourſelves with what is to be known 
near the Superficies of it on which we live; 
and, pray, what do you firſt obſerve thereof ? 
B. That it does conſiſt of Bodies of a he- 


terogeneous or different Nature intermixed 


with one another, of different ſpecific Gravi- 


; ties, diſpoſed in Manner of Beds, which are 


called Strata, or Layers of Earth, Stones, Mi- 


Theory of the Mognetical Variations of the Needle, by the ſaid 
learned Dr. Halley, in Phil. Tranſ. No 148 and 195. or the 
ſame tranſcribed into Harris's Lexicon, under the Word YVariotion. 


A. Pray 


Sn 
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A. Pray in what Order do theſe Strata, or 
Beds of Earth, &c. lie among themſelves ? 

B. That they do not lie in Order of their 
ſpecific Gravities, is evident (and ſo not every 
where alike) from the Order of thoſe abſerved 
in digging a Well at 4mferdam 232 Feet deep; 
which was thus, 7 Feet of Garden Mould ; 
gof Turf, or Peat; 9 of ſoft Clay; 8 of 
Sand; 4 of Earth; 10 of Clay; 4 of Earth; 


10 of paving Sand; 2 of Clay; 4 of white 


Loam ; 5 of dry Earth; 1 of muddy Earth; 
14 of Sand; 3 of a ſandy Clay; 5 of Sand, 
mixed with Clay ; 4 of Sea Sand, mixed with 
Shells ; then 102 of Clay together; and /aftly, 
31 of Loam: Thus you fee the different Make 
of the outward Parts of the Earth, which is 
very different in different Places ®. | 
A. Pray how came the Diſpoſition of thoſe 
various Strata, or Beds of Earth and Minerals? 
B. This is not known as to the Time; ſome 
ay at the Creation, others at the Flood; 
others ſuppoſed in the chaotic State of the 
Earth the heavier Bodies fubſided, and lay in 
this Order by the Laws of Gravitation ; but 
Experience rather contradicts than confirms 
this Hypothefis. 1 
A. What Diſtinction, or Diviſion, do you 
make of earthy Subſtances or Bodies? | 
B. They may be reduced to thoſe general 
Heads: 1. Barths. 2. Ores. 3. Pofils. 4. Mi- 
bo See Varen. Geog. Gener Lib. 10 7. Prop. 7. Alſo 


read Dr. Mood ard 's Natural Theory of the Earth; and Dr. 
Arbuthnot's Examination thereof, and his Compariſon of Dr. 


Wodwsard's and Stene's Hypotheſes, which is well worth the 
Reader's peruſing. 


_ nerals. 
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nerals. 5. Metals. 6. Stones, 7. Extraneou 


Bodies or Subſtances. 

A. What do you include under the firſt ge. 
neral Head of Earths? _ 

B. All thoſe ſofter earthy Subſtances we hl 
Clay, Loam, Marl, Sand, and different Spec 
of Earths, as Terra-Faponica, Lemnia, 1 
nia, &c. b 

A. Pray what do you think to be the Cauſe 
of thoſe Differences of carthy Subſtances now 
mentioned? 

B. The Reaſon why they are differently hard, 
ſoft, coloured, qualified, &c. ariſeth en diffe 
rent Degrees of the univerſal and ſ pecific Pro- 
perties of the original conſtituent Particles of 


Matter, which each different Species poſſcſſcth 


in a different Meaſure; and this' is the moſt 
that can be known of this Matter. | 
A. What do you include- under the ſecond 


Head of Ores ? 


B. Thoſe Earths which contain conſiderable 
Quantities of metallic Particles ; being that 


which is dug out of Mines, and whence Me. 
tals are extracted, and is ee eee accord. 


ingly, as Gold-Ore, Silver-Ore, &c. 


A. How came the Earth to be enriched with 
the Seeds of thoſe metallic Subſtances? 
B. No doubt by the all- wiſe Creator for the 
manifold Uſes of Mankind. 
A. What terreſtrial Bodies do you intend by 
. 8 
Though Foils be a general Name for 


850 Thing which is dug out of the Earth; 


yet I here intend thereby, 1. Salis, 2. * 
an 


— -a, wy. 
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and ſuch like Bodies, which cannot be ſo well 
reduced to the Heads of Minerals, Metals, and 
Stones F. | | | 

A. What is the Nature of Salt, and the 
Kinds of it ? | 
B. Salt (faith Monſ. Lemery) is a fixed in- 
combuſtible Subſtance, that gives Bodies their 
Conſiſtence, and preſerves them from Corrup- 


tion, and renders Bodies ſavoury more or leſs as 


it is diverſly mixed in them; there are various 
Kinds of Salts, as fixed, volatile, eſſential, and 
foſſil; and ſaline Subſtances, as Alum, Borax, 
Mitre, Tartar, Vitriol, Sal- Ammoniac F. 
A. Pray give me ſome ſhort Account of the 


Nature of theſe ſeveral Kinds of Salts. 


B. I will, but it muſt be very brief for want 
of Time, 0 1 88 


+. The great Boer baawe diſtributes Foſſils into two Kinds, 
Simple and Compound. | * 
Simple Foſſils are ſuch whoſe Parts, howſoever divided, are all 
of the ſame Nature; that is, of the ſame Gravity. Magnitude, 
Figure, Hardneſs, and Mobility; of theſe he reckons 4 Sorts, 
iE. Metals, Salts, Stones, and Earths. | 

Compound Foffils are thoſe which may be divided into different 
or diſſimilar Parts, or are of different Figure, Weight, Magnitude, 
xc. and theſe are, (1.) All hard Sulphurs, as Brimflone, Arſenic, 
Orpiment, Bitumen, Aſphaltum, &c. (2.) All quid Sulphurs, as 
Piſoſphaltum, or Few's Pitch, Naptha, Petroleum, &c. (3.) Se- 
mimetals, or Minerals. (4.) Bodies combined out of the preced- 
ing 3 either Simple or Compound. New Method of Chemiſ- 
40% Tage 54. 8 

T Dr. 8 Definition of Salt is this: Salt is a Fofil 
Bech, fufible by Fire, and congealable again, in the Cold, into brit» 
tle Glebes or Cryſtals; ſoluble withal in Water, ſo as to diſappear 
therein, never malleable ; and having ſomewhat in it which to the 
Organ of Jaſte affords a Senſation of Acrimony or Sharpneſs. Theor. 
of Chemiflry, Page 105. 
_ Alſo in Page 113, he faith, the Elements or common Princi- 
ples of Salt, are an acid Spirit, and an 7n/ipid Earth, into which 


al are reſoluble but the Simple Foſſils, as Sani- petre and Borax. 


1, Foſſil 


N 
0 
# 
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1. Foffil Salt, is that which is called Sa 
Gemm, by Reaſon of its Tranſparency, and is 


| altogether like the Salt we uſe with Food; it 


is dug out of the Mountains in many Places, 
as Ruffia, Poland, Catalonia, Perſia, and in the 
Indies. 

2. Fixed Salt, is that which remains after 
Calcination, and doth not riſe, or is not rarified 
and exhaled by Heat. 

. Volatile Salt, is that which eaſily riſeth, 
and flieth off in inſenſible Steam and Vapour; 
ſuch are the Salis of Animals. 

4. Eſſential Salt, is that which is obtained 
from Plants by Cryſtallization ; and 1s a natural 
Salt between fixed and volatile. 

. Alum, or Roch Alum, is a very binding 
Salt, found in the Veins of the Earth in many 
Dn of Europe; being taken thereout 1 in large 
tranſparent Pieces. 

6. Borax, a green-coloured mineral Salt, 
found in the Veins of it Silver, or Gold 
Ore. 


| . Nitre, or Salt-Petre, is a Salt im preg- 
nated with abundance of Spirits out of the Ait, 


which renders it volatile; it is found among the 
Stones and Earths of old Buildings; and 1s 
ſometimes generated from Urine falling on 
Stones, Fc. It is the Spirit of this Salt that 
kindles the Sulphur into a Flame in Gunpowder, 


Lightning, &c. 


8. Tartar, is a terreſtrious Matter, or earthy 
Salt, which ſticketh to the Side of Veſſels be- 
ing ſeparated from the Liquor by Means of its 


Fermentation; as that in Mine Caſes, &c. 
© | 9. Vitrid 


— > wa, kw fs _ - oo 
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9. Vitriol, is a Faſil, compounded of an a- 
cid Salt, and ſulphureous Earth; there are four 
Sorts of it: 1. Blue, found in the Mines of Cop- 
per in Hungary, and Ie of Cyprus. 2. Green, 
found in Germany, Italy, and England. 3. 
White and 4. Red Vitriol; this laſt was brought 
to us lately out of Germany, and is called natu- 
ral Colcothar, or Chalcitis. | 

10; Sal- Ammoniac, is either natural or ar- 
tificial ; the Natural is found in many Parts of 
Africa, and very hot Places under the torrid 
Zone; the Artificial is made at Venice, and di- 
verſe other Places. 


A. Pleaſe, in the next Place, to tell me what 
Sulphur is, and the Bodies you call ſulphureous ? 

B. Sulphur, is an inflammable Fgſal, found M 
many Places in Europe, eſpecially in Sicily; 
of two Sorts: 1. The Greyiſb, called Quick Sut- 
phur; it is a Sort of Ch. apt to crumble, ſoft, 
and ready to take Fire; it conſiſts of an Oil, * 
acid Salt, and Earth. 2. Yellow, or common 
Sulphur, called Brimſtone; this containeth much 
Ol, an acid vitriolic Salt, and but little Earth. 

A Pray, Sir, what do the Chemiſts mean by 
that Principle they call Sulphur ; not Brimſtone 
lure, do they ? | 

B. No, no: they mean an Oil, which is 
called Sulphur, by Reaſon of its Inflammability, 


and is a ſweet, La unctuous Subſtance, 


which is ſaid to cauſe the Diverſity of Colours 
and Smells, and to give Beauty or Deformity 
to Plants, &c, according to its Dien in 
* | 

Q 2 A. What 
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4. What Bodies do you reckon amongſt the 
ſulphureous Kind ? | 

B. Theſe following: Af ſenic, Bitumen, and 
its various Kinds, as Ambergreaſe, Aſpbaltns 
Naptha, Amber; alſo Petroleum is reckoned of 
this Claſs. | | 

A. Pray rehearſe me 4 a ſhort Account of 
the Nature of theſe Bodies. 

B. I deſign it; which take as follows: 


1. Arſenic, is a foſſil Subſtance, conſiſting 
of much Sulphur, and ſome cauſtic Salts; It is 
of three Sorts, the white, or proper Arſenic; 
the yellow, called Auripigmentum; and the red, 
called Sandaracha. 

2. Bitumen, is a Kind of Pitch, or ſlimy 
Clay; it is very much of the Nature of Sulphur, 
being very inflammable ; it is of 2 Sorts, one 
liquid which ſwimmeth like Oil on Water ; the 
other more hard and compact, is ny out of the | 
Earth. 

3. Ambergreaſe, is a Kind of B found 
in many Places on the Sea- ſhore; it grows hard 
in the Sun- Beams; the beſt Sort is grey when 
dry, eaſily ſoftens in the Heat, and appears 
blackiſh when wet. 

4. Aſfphaltos, this is that limy bituminous - 
Subſtance, of a purple Hue, which is found in 
the Lake of Sodom, or Dead-Sea, in the Land 


of Paleſtine, from whence its Waters are ſaid to 
fink to that Degree, that no Fiſh can live in 


them, nor the Birds in the Air fly over it, and 


live. 
5. Naptha, is „ another Save of Bitumen, be- 
ing liquid; but ſomewhat more apt to take Fire 


and is more hardly extinguiſhed, 8 


Of Sulphurs and Minerals. 245 
6, Amber, is alſo a kind of coagulated Bi- 
tumen; though it is evident, its firſt State is ſoft 
and viſcous, from the Flies, Ants, Straws, &c. 
found in its Texture; it is different in Colour, 
as white, yellow, and black ; is found in ſmall 
Currents near the Baltic-Sea, the Dutchy of 
Prufſia : It * electric Property; for, be- 
ing rubbed, will attract Hairs, Feathers, 
Straws, Se. 

* Petrole um, or Oil of Peter, is of a ſulphu- 
reous Nature; it diſtils through the Clefts of 
Rocks in Taly, Sicily, and Provence; and ſeems 
to be an Oil of ſome Bitumen, which the _ 
terranean Fires have raiſed, 


A. Sir, I thank you: I ſhould be glad, in 
the next Place, to be informed a little of thoſe 
Bodies, of the ' fourth Head, called Minerals. 

B. Thoſe are ſuch Sort of Faſſils as are not 
inflammable, nor ductile, nor to be melted, or 
liquefied ; but are hard and brittle, may be re- 
duced to a Powder, or, by Fire, calcined to a 
_ ; of which, the following are moſt worth 

otice : 


L Marcaſte, or Biſmuth, is a inetallic Mat- 
ter, white, ſmooth, hard, brittle, ſharp ; is of 
a fulphureous Nature, like to Tin ; it is diſpoſ- 
ed into Facets, or ſhining Scales, like Pieces of 
Glaſs ; hence called Tin-Glaſs. 

2. Antimony, is a Mineral, conſiſting of a 
Sulphur, and a Subſtance approaching to that of 
Metal, containing alſo (as tis thought from its 

emetic Quality) an acid Salt; it is found in 
3 divers 
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vers Places, in Tranſylvania, Hungary, France 
and Germany. | 

. Cinnabar, is a Mineral, conſiſting of a 
Mixture of uick-þ -fakver and Sulphur, ſublimed 
together by Means of a ſubterranean Heat, in 
the ſame Manner as the Chemiſis make artificial 
Ginnabar ; it is while in the Lump of a brown- 
iſh Colour, but when ee d is of a very 
h 1 red. 

Chalk, is mineral Earth, of a bituminous 
R yet is an alkali Salt; is of a ſoft and 
friable Texture in many Places; ; and in others 
of a hard and maſſy Subſtance, called Quarry; 
it every where abounds in Hills, and Ridges of 
Mountains, and other Places. 

5, Coal; this is a Mineral, conſiſting of Su/- 
phur 1 in great Quantities, mixed with a terref. 
trious Subſtance; it is a Kind of a reſinous Bitu- 
men, of a middle Conſiſtence, not eaſily inflam- 
mable, yet will run and melt with Heat ; its 
Texture is not ſoon deſtroyed by Fire, but is 


thereby at laſt reduced to a Calx, or Cinder ; 


it is dug in great Quantities out of the Earth in 
England and other Places, and ſerves chictly 
tor Fuel “. 

A. What's the proper Nature of Metals? 

B. A Metal is a imple Foſſil Body, that 
fuſes and becomes furd by Fire, and by Cold 
coagulates and hardens into a folid Maſs, capable 
of dt . under the Hammer. The Bodies 


2 principles of all Foils (ſays the ſame learned Author) 
are (1.) Mercury, as the Bajis of many of them. (2) A /ubtile 
S4{phyr, which coagulates or fixes the Mercury, (3.) Salt, and 
(4 Earth. 7 bor. of Chemidtry, Page 139. 

tg 
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to which this Definition belongs, in every Part, 


ate but /; viz. Gold, Lead, Silver, Copper, h 
Von, Tin; to which the Chemiſts add Mercury 
or Quick-ſiver ; tho it ſeems to be of itſelf a pe- 


culiar Species of Simple Foſſils. 
Gold is the nobleſt of all Metals, and is di- 


ſtinguiſhed by the following Propertie: or Cha- 


racteriſties. I. It is the heuvieſt of all Bodies in 


Nature, and its Weight is inimitable. 2. It is 
the moſt ductile and malleable of all Bodies. 3. 


It is the moſt fixed and pure, or loſes the leaſt in | 


the Fire, of any Bodies, 4. It requires a vehe- 


ment Fire to fuſe it, tho' [ck than Iron or Cop- . 


„ diſſolvable in no Menſtruum but 


Aqua Regia, and Mercury. 6. It readily and 


ſpontaneouſly attracts and abſorbs Mercury. 7. 
It does not, when fuſed with Lead and Anti- 
mony, diſpoſe or fly off with them in Fume, but 
remain fix d. 8. Its Sound when pure is not very 
car, but rather obtuſe, like that of Lead. 9. It 
is the impleſt or freeſt from Mixture of hetero- 
geneous Parts, of all Compound Bodies yet 
known. 10. It is of a fine yellow Colour, tho' 


lubje&t toalterand fade. 11. It is found ſome- 


times Pure, in Glebe or Gold Clods; as in Hun- 


gary, and Mountains of Chili; ſometimes in a 


pure Duff or Sand, as in the Bottoms of ſome 
Rivers in Guinea; acid laſtly, in wh77/h Clods dug 
out of Mines 150 or 160 Fathoms deep, inter- 


mix d with other Minerals: as Antimony, Vitriol, 
Sulphur, &c. 12, Gold is liable to Rut, as is 


found by holding it over the Fumes of Sea-Salf, 
Theſe are the Cr:iterions of Gold, and are all of 
them always found pertaining to that Metal. 


Q 4 Mercury, 
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Mercury, by reaſon of its Weight; comes 
next to be conſidered ; its Characters are, 1, 
That it is the heavze/? of all Bodies except Golg. 
2. It is the moſt fluid of all Bodies; or its 
Parts ſeparate and recede from each other with 
3. It is drvi/ible into the miny- 
teſt Part of any Body. 4. It is extremely ay. 
ſatile, being convertible into Fumes, even with 
a Sand- beat. 5. It eaſily penetrates, and inti- 
mately adheres to Gold, not ſo eaſily to any o- 
ther Metals; difficultly to Copper; and not at 
all to Tron. 6. Of all other Fluids it is found ca- 
"able of the greateſt Cold and Heat. 7, It is yet, 
y reaſon of its great Fluidity, uncapable of Con. 
gealing or Freezing. 8, It diſſolves in almoſt all 
Acids, and unites itſelf with them. 9. It is the 
moſt ſimple or unmixed of any Bodies after Gold, 
10. It is free from any Sharpneſs or Acrimony, 
II. It is found in great Plenty in Mines of Friuli 
in Italy, in the Form of ruday Clods, call'd Cin. 
nabar ; in bard ſtony Glebes; and laſtly, Pure, 
call'd Virgin Mercury, running in Veins and 
Streams about in the Mine. 
Lead, as to its Weight, comes next. Whoſe 


chief Properties are, 1. That, next to Gold and 


Mercury, it is the heavieſt of Bodies. 2. Of all 
Metals it is the /6/?e/?, and therefore very ductile 
and flexible. 3. It melts the ſooneſt of all Me- 
tals. 4. It very eafily diſſolves in almoſt all eat 
Acids, but not ſo readily in frong ones. 5. It 
diſſipates all Metals melted with it, but Gold and 
Silver, or carries them off in Fumes. 6. Of all 
Metals it is the leaſt /onorous, and diminiſhes the 


Sound of others when mixed with it. 7. It hath 
| | - ig 


1 * 
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the leaſt Elaſticity of any Metal. 8. It is ſome- 
times found Pure, but oftener in Mineral Ore, 
which is a ſort of blackiſh fatty Earth, difficult 
to fuſe; Of Lead Mines there are abundance in 
Germany, Hungary, and England. 

Silver hath the following Characters 1. It 
js next to Lead in Weight. 2. Its Fixity is 
next to that of Gold, 3. As alſo its Duckility 
and Malleability. 4. Its Fuſibility by Fire 1s 
very eaſy, tho more difficult than that of Gold 
or Lead. 5. It is diſſolvable in Agua Fortis, 
but not in Agua Regia, 6. It re/iteth the Force 


of Lead in Fufjon, or is not diſſipated in Fumes 


thereby. 7. It reſſis not the Force of Antimo- 
ny, but volatilizes and flies off along with it. 


8. It yields not much Sound when purified ; be- 


ing leſs ſonorous than Tron or Copper, but more 
than Gold. 9. Silver is ſeldom found Pure; 


ſometimes in the Ore of Gold, Lead, and Copper , 


but ofteneſt in a Kind of ſtony black Glebes, 
full of ſhining Streaks, as in the Mines of Peru 
and Chili. 

Copper is a Metal of the following Proper- 
ties or Characters. I. It is next to Silver in 
Weight. 2. It is very ductile when pure. 3. It 
is of a beautiful red Colour exceeding that of 
Gold. 4. Its Fixity in the Fire is greater than 
that of Lead or Tin, but leſs than that of Silver. 
5. It is difficult of Fufion, much more than Si- 
ver; yet ignites before it fuſes, which Silver does 
not. 6. It is diſſoluble by all the Salt Men- 
ſtruums known, whether Acid, Alkaline, or Ni- 
trous, yea by Water, Air, &c. 7. If it be diſ- 
ſoly' d in Acids, it turns Green; in Alkali Red; 


and 
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250 The PRILOSOPHICAL GRAMMAR, 
and by other Salts, Blue. 8. Its Divifbility is Ml 


very greatand ſurprizin g; for one Grain ile 0 

will tinge with Blue above 530620 times its Bulk ny 

of Water. 9. It flies off in Vapour, being fuſed of 

with Leador Antimony. 10. It is the moſt elf. i 

tic, and 11. The mo? ſonorous of all Metals. 12. bs 

1 Copper is every where found, but moſt abun- N 
1 | dantly in Sweden and Germany, where there are an 
1 whole Mountains of it; but the r:chef# OreBik b 
1 the Mines of Hungary. | 
_ Bp N. B. Braſs is made of Copper thus; they = lo 
= cine and pulverize Calamine, and mix it witha t 
. little Charcoal Duſt; then they put ſeven Pound It 
1 of this Mixture into a melting Pot, with about 
1 five Pound of Copper over it; then letting it down i 
1 in a Wind Furnace after 11 Hours, it is drawn fe 
1 up again, the Braſs being compleated in the Diſ- * 
Ml fſolation, 1 
1 Ton is the Metal to which the following 0 
_ Characters belong. 1, It is the heavzeft of all : 
1 Bodies after Copper. 2. It is the leaſt ductile, the / 
= 1 ' hardeſt and moſt brittle of all Metals. 3. it is . 


very fixed, as to its metalline Part. 4. It ignites 
long e're it Fuſes, and will not fuſe without Dif- f 
\ gel. 5. The more it is ignited, the ſofter and 
Fa more malleable it becomes, contrary to the Na- 
= ture of all other Metals. 6. It is diſſoluble by , 
almoſt all Bodies in Nature, that have any Mo- 
tion of Parts; as Fire, Salt. Air, Dew, Water, 
&c. 7. It is extremely rubiginous, or apt to con- 
tract Ruft, by the Action or Curroſſon of the afore- 
mention'd Bodies upon it. 8. If itbe fuſed with 
Lead, Antimony, or fixed Salt, it readily diſſi- 
1 pates into Fume or vitrifies. 9. It is very ſono- 
= | ä rous 
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uus and elaſtic, tho inferior in theſe Reſpects to 
(per. 10, Of all Bodies it is the only one ar- 


rated by the Load. ſtone; and 11. It has a Kind 


of Magnetiſin, or is capable of attracting Iron 
ſelf, 12. Iron is found in Mines, which are 


very common in moſt Countries in Europe ; ; as 


Norway, Poland, Germany, France, England, &c. 
and its Glebe or Mercaſſite bears a near Refem- 
blance to the Load-/tone. 


Jin is diſtinguiſhed by the Characreriſtics fol- 
lowing. I. It is the Jighieſt of all Metals, and 


the heavieſt of all other Bodies beſides them. 2. 
It is the o/7e/? of all Metals but Lead. 3. It 
has the /eaft Fixity in the Fire of all Metals, and 


therefore loſes ths mojt of its Weight. 4. It is 


fufible by the leaſt gentle Fire, and that long 
before Ignition. 5. It is caſily miſceable with 
other Metals, and diminiſhes their Ductilicy, ex- 


cept in Ton. 6. It will not diſſolve in Acid, 


eſpecially /rong ones, without much Difficulty. 
7. It is the Ja i ſonorous of any Metals but Lead; 
and yet it as their Sound when mixed 
with them. 8. And tho' it is in itſelf very little 
elglie, yet * mixed with other elaſtic Bodies, 
it wonderfully increaſes their Elaſticity. . Tin 
ls principally found in Cornwall and Devonſhire; 
and its Glebe or Ore is a heavy ſpongeous Stone. 

A. What are the Elements or Principles of 
which Metals conſiſt? 

B. The Elementaryor Component Principles of 


Metals are reckon'd two, viz. Mercury and Sul- 


phur ; Mercury as the Baſs sor Matterofthe Metal; 

and Sulphur as the Binder or Cement, which renders 

it fx d and malleable, This Mercury is the ſame 
9 a8 
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as common Quichhiluer, but only the moſt defe- 


cate and pure that is poſſible. But by the Prin- 
ciple Sulphur is to be underſtood, not the vul- 
gar foffil Sulphur, but a peculiar Sort of Matter 


call'd the Sulphur of Metal, which is ſuppoſed 


to be the Matter of Light or Fire, whigh unit- 
ing with, Mercury, fixes it; and according to 
the different Degrees of its Union and Coherence 


therewith, it produces different Sorts of Metals, | 


To this may be added, that a Burning-Glaſs 
will ſeparate a vitrifiabie Earth from any the 
molt perfect of Metals. 

A. Well, Sir, I heartily return you Thanks, 
and, if you are not tired with talking ſo long, 1 
ſhould next be glad to hear you on the Subject 
of the ſixth general Head, viz. Stones, 

B. No, Sir, I am never tired on the Sub- 
jects of Mathematics and Philoſophy; and 


therefore I will go on to enumerate ſome of the 


principal Stones, and hint to you the particular 
Properties of each of them, 


1. Marble, is a curious Subſtance, ariſing 
from an earthy Juice, well purged, concocted, 
and digeſted in the great Laboratory of the 
Earth; a Body very compact and hard, and 
may be calcined to Powder, but cannot be melt- 


ed. 


2. Alabaſire is a Kind of Marble, but more 
ſoft and friable, and is combuſtible like Lime, 
but as ponderous and polite as Marble itſelf. 

3. Porpbyry, is another Species of Marble, 
various coloured, ſomewhat lighter than Mar- 
ble, yet very hard. | 


4. Flint, 


1 


2 
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4. Flint, is an exceeding hard Subſtance, ge- 
nerated from the pellucid Particles of Sand com- 
pacted together, and indurated; and may be put 
into Fuſion, whence Glaſs is made. 

5. Cryſtal, is a very pellucid tranſparent 
Gem ; the moſt pure is found in the Tops of 
Rocks and Mountains, and dug out of the 
Bowels of the Earth alſo ; it is not coloured, is 
ſofter than other Gems, and therefore ſhineth 
not much; it conſiſteth of an aqueous Subſtance, 
and is therefore eaſily liquefied and converted 
into Glaſs, ſaith Cardan. 

6. Adamant, or Diamond, is in Colour and 
Figure much like Cry/tal, generated in the ſame 
Manner ; but its Hardneſs far exceeds that of all 
other Bodies ; for it will-cut and penetrate the 
Texture of any of them; it has an electric 

uality, in attracting Straws, Feathers, Cc. 
being warmed by Attrition, , | 

Beryll, is a Stone, much of the Nature 
of a Cry/tal, of a faint green Colour; found at 
the Roots of Mount Taurus, in the River Eu- 
phrates, and in the Indies. 

8. Smaragdus, an Emerald, of a lovely Green, 
and of ſo ſtrong a Luſtre, that it ſhineth in the 
Light of the Sun or Candles ; it is very tranſpa- 
rent, and faid to tinge the Air with its Green- 
neſs, 8 

9. Carbuncle, is a precious Stone of a tranſ- 
cendent Luſtre; being of a glowing fiery Colour, 
like a burning Coal, as the Name importeth. 

1o. Ruby, ſo named of its noble red Colour, 
i the moſt valuable of all precious Stones next 
the Diamond; it is ſaid to be firſt white, and to 

| grow 
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grow red gradually from a ſanguine Juice, of 


which it is nouriſhed and generated from at 


firſt. 


11. Hyacinth, or Facinth, is a Species of the 
Carbuncle, of a red-lead Colour; it having its 
Name from a Flower of the ſame Colour. 

12. Amethyſt, this 1s near the Nature of an 
Hyacinth, is of a purple Colour, ariſing as it were 
from a Mixture of Red and Blue; they are very 
hard, and the harder the better. 

13, Sappbir (from the Hebrew 590, ſhecinu, 
beautiful) is a precious Stone of a lovely Azure, 
or ſ{ky-coloured Blue, found 1 in many Places in 
the Indies. 

14. Topaz, this precious Gem is reckoned to 
exccl among all thoſe which ſhine with a golden 


Colour. 


15. Sardius, a Gem called the Cornelian, or 
Cornelion Stone, from its fleſhy Colour; the beſt 
is found in Sardinia, whence the Name. 

16. Onyx, a Gem partly pellucid, ſo called 
becauſe it expreſſeth the human Nail in Colour 
and Sd 

« Sardonyx, is a precious Stone, ſomewhat 

lacid, and is thus named, as if made up of a 

Sardius and Onyx together ; it is diſtinguiſhed 
moſtly by black, white, and ſanguine Circles. 

18. Chalcedony, was formerly reckoned a 
Sort of Carbuncle, but is now referred to the 
Onyx ; it is very hard, and of a light doudy Co- 
_ through its whole Body. 

. Achate, this is an opake Gem, yet 


qackling 35 reflected Light; and by various co- 
loured 


Fo 8 


N og =» 


 Wanderful Properties of the Loadſlone. 25 5 
loured veiny Lines, reſembles Trees, Rivers, 
Animals, &c. beautifully on its Surface. 

20. Faſper is, like the Achate, opake and of 
various. Hue; but the Green is the more general 
Colour of this Stone, - ++ - 

21, Pearls are Jewels, or precious Stones, 
bred in the Shells of Fiſh ; of which there be 
various Kinds, not much to our Purpoſe here 
to recount *. | + 


A. But, Sir, I think in all your long Cata- 
logue of Minerals and Stones, you have not men- 
tioned the Laaaſtone. | 

B. No, Sir, I have not; the Reaſon is, be- 
cauſe this moſt wonderful of all Foſſils hath 
always merited a particular Conſideration, _ 

A. Be pleaſed then, Sir, to oblige me with 
2 ſhort Account of the Nature and ſome of the 
1 chief Properties of this Stone. 2 

B. The Magnet, or Load- Stone, is a Mi- 
neral found in Iron Mines, which is ſomewhat 
of the Nature of Iron, but is not malleable, nor 
will it melt, but may be reduced to Powder, or 
| calcined to a Calx ; its Particles therefore are 
more rigid, hard and implicated, than thoſe of 
Iron, The chief Properties of the Magnet are 
theſe : 1. The Laaaſtone, at Liberty, doth always 
put itſelf in a Poſition, reſpecting the Poles of 
the World, and the ſame Parts always tend to 


4 * Whoever would ſee more concerning Metals, Minerals, 
Stones and other Foſſils, may meet with great Satisfaction in Dr. 
Berrhaave's Chemiſtry, with Dr. Shaw's Notes, from Page 51 
to 141 of the Theory; and in Dr. Fr. Nicboll's Obſervations on 
N Mines and Minerals, in Philoſ. Tranſ. No. 401, 403. Hocdward 's 
| Nat. HiR. of the World, Part IV. 
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256 The Px1tos0Pnicar GRAMMAR, 
the fame Pole. 2. This Stone doth not pre- 
cifely point to the Poles of the Earth, but de- 
clineth a little Ea ard; or Weſtward, more or 
leſs. 3. Two Loadſtones placed at a certain 
Diſtance, approach to, or recede from each 


other, as they are variouſly placed. 4. Load. 
ones do ſo attract each other, as to ſuſtain one 


another pendent in the open Air, provided the 


North Pole of the one be oppoſed to the South 
Pole of the others. 5. Sometimes a lighter 
Magnet will ſuſtaina heavier one pendent, though 
a heavier Magnet will not ſuſtain a lighter one, 
6. It is obſerved, this Virtue of turning to the 
Polesis notequally ſtrong in all Load/tones, ſome 
doing it with greater Celerity than others. 7. 


There are obſerved ſome anomalous Loadſtones, 


which ſeem to have more than two Poles, or 
Points of Direction. 8. The Loadſtone attracteth 
Iron, as it were another Loag/tone. g. The mag- 
netic Virtue is communicated to Iron or Steel 
by the Touch ; thus a Needle touched by the 
Loadſtone, will always keep in a Poſition towards 


the North and South. 10. Loadſtones are cor- 


rupted if they lie long together, with North 
Pole to North Pole, or contrarily ; they alſo loſe 
their Virtue by being made red hot in Fire, with 


many other Properties of leſs Note. 


A. And pray, Sir, whence is this Mineral en- 
dued with this ſurprizing Virtue ? 

B. I cannot find any of the Philoſophers can 
tell the formal Cauſe thereof; it is a Secret yet 
hid from Man, though he be bleſt with a Dit- 
covery-of ms Uſc +. 


+ As the Properties cf the Magnet and the Experiments illuſtrat- | 


ing the ſame, are endleſs to recount ; ſo the Authors who av 
thereof, 


A. Pray 


Of Extraneous Bodies, &c. 257 
A Pray what Parts of the Earth are moſt pro- 
ductive of Minerals and metallic Subſtances? 

B. Mountains, which ſeem, as it were, de- 
ſigned as Matrices for the Generation and Matu- 
ration of Minerals and Metals; becauſe in them 
the moſt uſeful Foſſils are principally found. 

A, Do Minerals, Metals, Stones, &c, grow 
in the Earth? VT 

B. Undoubtedly : Yea, it is well known that 
divers Mines when emptied of Stone, Metal, 
Gc. have after a while recruited again. Alſo 
divers ſtony, ſparry Icicles, and other ſtalactical 
Subſtances, may. be daily ſeen engendered from 
the Exſudations of ſome petrifying Juices out 
of the rocky Earth in great Caves; as I myſelf 
have ſeen in Oky-hole in Somer ſetſhire I. 

A, Well, but to make an End, what may 
you mean by extraneous Bodies in the Earth, 
the Subject of the 7" and laſt general Head? 

B. The various Exuviæ of Fiſh; and other 


marine Animals; ſuch petrified Echini, Glofſo- 


fetre, Cockles, Oyſter-ſhells, Turbens, Scallops, &c. 


thereof, and the Hypotheſes they advance for the Solution of 
thoſe Properties are almoſt infinite. But they who defire a large 
Diſcourſe on this ſurprizing Subject may conſult Foar. Clerici. 
Phyſ. Lib. IT. Cap. 6. Haw#/bee's, Deſaguliers's, &c. Courles 
of Experiments. Rohault's Phyſics, Part III. Chap. 8. Fac. 
Ode Philoſ. Nat. Tome. IT. Cap. 3. Archer: Ars Magnetica. 
WViifan's Dot. of the Magnet. Stairii Phyſiol. Explorat. 
XVIII. 5 12. to $ 37. incluſive. Deſcartes Opera Philoſophica, 
Part IV. Y 133. & ſeqq. Inftitutio Fhiloſ. Tom. III. Part II. 
3. Cap. 4. Regnault's Converſat. Vol. I. Conv. 15, 16. 
i:xuthorpe's Abridgment, Vol. II. Page 610. Eamis and Mar- 
im's Abridgment, Part II. Chap. 4. Miſcellanea Curioſa, 
Vol. J. Page 43. Harris's Lexicon and Chambers's Dictionary 
at the Word Magnet. Phil. Tranſ. Ne 368, 390, 414, 423, 
389, 366, 371, 412. 

# See Mr. Derham's Phyfico-Thiolo:y, Book III. Chap. 2. 
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258 The Pr1Lo0SOPHICAL GRAMMAR, 
as are found in various Parts and great Deptly 
of Earth, and are to be ſeen in the Cabinets of 
the Curious. | 0 1 50 

A. Pray how came thoſe Bodies at firſt in. 
termixed with the Earth? 

B. None can certainly tell; it is ſuppoſed 


at the Deluge, or by ſome general Inundation 


of the Seas, whereby the Earth was rendered 
ſoft, and thoſe marine Bodies ſunk therein, and 
were covered over; and by the petrifying Qua- 
lity of the Earth, in Time, turned into Stone“. 


* Dr. Woodevard ſays, the Echini and other lighter Shells are 
very numerous and frequent in all the Chalk-Pits of Kent, Surry, 
Eſjex, and other Shires, being found indifferently from Top to 
Bottom, in Pits that were an 100 Foot deep; and in Fel; much 
deeper. Alſo that the Cauchæ, Pectines, Cochleæ, and Shells of 
a like Gravity, are found in the Sand Stone of all Countries, yea 
even in the very middle of Flints themſelves. Nat. Hiſt. of the 
Earth, Part I. Page 30. 31. Part IV. Page 183, &c. 

Tis common to find that the Echini, Cochleæ, Conche, Pefing, 


and other Shells have their Cavities fill'd up with Ores, Flint, 


Spar, Vitriol, Sulphur, and other Minerals; theſe receive the ſpe- 
cific Figures of the Shells they are form'd or moulded in. And 
theſe Stones are what Authors call Echinite, Cochlitæ, Conchite, 
Pedlinitæ, &c. | | | 

Steno, in his Book de Solido intra Solidum contento, ſays, there 
were many marine Shells found in a Stone taken out of the e- 
rum Volaterranum which many Ages before had been brought 
thither for Building; and therefore twas certain thoſe Shells 


could not have endured leſs than 3000 Years, and probably from 


the Flood, . | 

See much on this Subject in Dr. Woodꝛuard's Hiſtory of the 
Earth. Steno's Book abovementioned. The Theories of Dr. 
Burnet and Mr. Whifton. Bartholini Specim. Philoſ. Nat. 
_ 13, Page 130 to 133. Philoſ, Tranſl. No 291, 305, 360, 
308. ; 
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CH & P.M. . 

Hy DROGRA HV, or the PyILosoPHY of 
WATER; of the Laws of its PRESSURE 
and GRAvITY ; of the SEA, its Origin, 
Roundneſs, Extent, Saltneſs and Tides ; of the 
Cauſe of FOUNTAINS, RIVERS, LAKes, 
ond Ba THS, with the Properties of their ſe- 
veral Waters. FE, 


A. HAT is the Original of Hydrogra- 
8 h 
B. The ha is compoſed of udwp, Water, 
and pan, a Deſcription ; and here ſignifies a 
philoſophical Deſcription of Water. 
A. You have already deſcribed me the diffe- 
rent Diſtinctions of Water on the Earth's Sur- 
face, and likewiſe the Cauſe of its Hluidity and 
Volubility ; pray what then remains to be farther 
confidered of Water ? | 
B. In the firſt Place we muſt more particu- 
larly conſider the Effects ariſing from Fluidity, 

and the Rules of Motion, called the Syaroſtatic 
5 and hydraulic Laws of the Gravity and Preſſure 
cl» Wy of Fluids *. ; 


om 
the * The Word Hydro/tatics is derived from 9Jve Water, and 
Dr, rares, the Science of Weight, from ovatiu to weigh. Conſe- 
at, quently Hydroftatics imports the Science which is converſant 
60, about thoſe Properties of Vater, or any Fluids, which depend on 


or reſult from the Weight or Grawity thereof. 

2. Hydraulics is derived of 0dwp Water, and vn; a Pipe; for 
anciently the Organ and other Wind-Inſtruments of Muſic were 
blown by Wind made by the Fall of Water inſtead of Bellows. 

p Whence this Word in Time came to be applied to the Art ef 
, making all forts of Engines for carrying or raifing of Water, or 
Which are avor ted or moved by Water. And hence the ancient 

Water Engines deſcribed by Hiron are call'd Machinz Hydrau- 


lice, i. e. Hydraulic Machines or Engines. | 
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A. What are thoſe Effects you call the 5y. 
droſtatic Laws of Fluids ? 
B. We have not Time to conſider all, the 


chiefeſt are the following. 


1. The Surface of a Fluid contained in a Veſ- 
ſel abiding free, will become plain or parallel ty 
the Horizon: Thus the Surface AB, of the Fluid 


. CD, ill be parallel to the Horizon 1 O. 


2. The upper Parts C preſs the lower Parts 
D, which ſuſtain them ; and this Preſſure is al. 
ways proportional to tbe Hei ght of the Fluid AE, 
See 11 Fig. XXXIII. and XXXIV, on Plate 
XXI. fronting p. 234. 

3. This Preſſure on the ber Parts i from th 
Gravity of the ſuperincumbent Liquid, exerts it- 


Self every Way, and every Way equally. 


4. In ſeveral Tubes, having a Communication 
as each other, as ABCDEF, whether equal or 
unequal, freight or crooked, erect or oblique, a 
Fluid will riſe to the ſame Height GI in all. Fig, 
XXXXIV. on Plate XXI. fronting p. 234. 

5. When Liquids of different Gravities art 
contained in the ſame Veſſel, the heavieſt lies at 
the loweſt Place, and is preſſed by the lighter, in 
proportion to the Hei ght of the ligbter. 

6. The Bottom EF, and Sides AEBF, all 
round a Veſſel, are preſſed by the Parts of the Li- 
quid contained which immediately touch them; and 
that in Proportion to the Height of the Liquid 
not at all regarding its Quantity. Fig. XXXIII. 
on Plate XXI. as above. 

7. A ſelid Body immerſed in a Liquid, is preſ- 


Jed ty the 5 21 on all Sides; and that Preſſure 


2 in Propertion to the Height of the ai 
quid 


De Laws of Fluids, and their Uſes, 261 
quid above the Solid. Bodies very deeply immerſed 
are, as it were, equally preſſed on all Sides. 

8. Any Body, which is heavier than an equal 
Bulk of the Liquid into which it is immerſed, will 
fink or deſcend therein. 

9. If the Body be ligbter than an equal Bulk 
of the ſaid Liquid into which it is immer ſed, it 
will aſcend to the Top or ſwim. F 

10. But, ſuppoſe the Body be equal in Weight 
with an equal Bulk of the Liquid, it will neither 
aſcend or deſcend, but remain ſuſpended in the Li- 
quor Wherever it is placed. 

11. All equal Solids, but of different ſpecific 
Gravities, being immerſed in the ſame Liquid, 
 hſe equal Parts of their Weight. | | 

12. A Liquid acquires the ſame Weight which 
the immer ſed Solid loſes. 

13. The immerſed Parts of Bodies ſwimming 
on the Surface of the ſame Liquor, are to each 
other as the Weights of the Bodies. 

A. And, pray, how do you prove theſe Laws, 
and what are their Ule ? 

B. They are founded on various Experi- 
ments; and their Uſe is to diſcover the different 
Weights or ſpecific Gravities of Liquids and 
Solides, which is not only a very great and uſe- 
ful, but alſo a very pleaſing and delightful Part 


of natural Philoſophy *. 
A. Pray 


The Proof of theſe Laws of Fluids is threefold, wiz. (t.) Phy- 
fal; which depends on a bare Contemplation of the Nature, 
Figure, and other Properties of the ſmall Particles of Fluids, ſepa- 
rately conſider d; and the Phenomena thence ariſing will evince 
the Truth of the ſaid Laws. ( 2.) Mathematical ; for by conſider- 
ing of Liquids as Solids, and dividing them into Planes, Columns, 


de. and repreſenting their different Heights, Grawvities, and Velo- 
N Cities, 
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262 The PH1LoS0PHICAL GRAMMAR, oY 
A. Pray how do you find or eſtimate the 
ſpecific Gravities of Solid??? 4 mn 
B. Thus, by the hydroſtatic Bulänce 8, Fic WM 
XXXV. on Plate XXII. fronting p. 262. lea 
there be prepared a Glaſs Veſſel of Water E 


and another Veſſel D, whoſe Weight in Watedlfi : N 
muſt be preciſely equal to that of the Weig h 


C. Now the Weight C being affixed to th 
Scale A, the Solid, whoſe ſpecific Gravity i 
dciired, being firſt weighed in Air, muſt then b 
put into the Veſſel D, which is then affixed ton 
the Scale B, and immerſed into the Veſſel ou 
Water; then put Weights into the Scale B ti 
there be a juſt Equipoiſe, Now from its Weighi 
in Air, ſubduct its Weight in Water, and the Re 
mainder will be as its ſpecrfic Gravity inverſiy 
and thus the Ratio's or Proportion of the ſpecifi 
Gravities of ſeveral Bodies may be found. 
A. As to the Manner of weighing thoſe B 
dies, it ſeems pretty eaſy to be apprehended fre 
the Figure; butas to computing the Ratio's, The 
lieve I could better underſtand that by Example 
B. Why then I will give you one: Suppolannll 
you take a Piece of Lead and a Piece of Ivory 
each weighing 69 Grains in Air, but weighing 


cities, by algebraic. Character, fs eaſy, by Rules of Art, to f 


"Theorems, which are ſo many Hydroſtatic Laws. (3.) Exper. 
mental; for all thoſe Laws are capable of Proof by. innumerable 
Experiments. See the ſeveral Courſes of Experiments, by Dr. 
Deſaguliers, Graveſande,  Hawkſbee, Woſter, &c. Marriotte 
HFyd-oftatics, engliſh'd by Dr. Deſaguliers. Rohault's Mechanics 
tranſlated by Watts, Page 118. Boyle's Hydroſtatical Paradoxes. 
Compend. "Syſtem of Nat. Philoſ. Part 2.  Sinclair's Hydroftatics. 
 Clarie's Notes to Robanult's Phyfics, Part 1. Chap. 16. 5 8. 
Mufſchenbroet's Epit. Phy. Part 2. Ditions New. Law 2 
Fluids. Sewitzer's Gen. Syflem of Hydroftatics. Phil. Tran}: 
abridg'd, by Meſſ. Eames and Martyn, Part i. Chap: 5. Cham. 
brs's Di. and Harrit's Lexicon, under the Word Fd, and 
Hydroſiatics. + | | 
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* Of the ſpecific Gravities of Fluids, 263 
them ſeparately in Water, you find their Weights 
therein to be 544 and 29; now the Deficiency 
of theſe Weights are 53, and 31. Therefore the 
Ratio or Proportion of the Weight of Lead to 
that of Ivory, is as 31 to 55; that is, Lead is 
almoſt 53 Times heavier than Ivory, . 

A. Sir, I perfectly apprehend you now, and 
thank you ; pray do you eſtimate the ſpecific 
Gravities of Liquids after the ſame Manner ? 

B. They are eſtimated thus: Take a Piece of 
Lead, which ſuppoſe to weigh 455 Grains; 
then the ſame weighed in Oil of Vitriol will be 
found no more than 379, and in common Wa- 
ter 414 Grains. The Diminution in the firſt 
Caſe is 76, in the latter 41 Grains; theſe Num- 
bers are inverſly as the ſpecific Gravities. 
Wherefore the Gravity of common Water is to 
the Oi! of Vitriol as 76 to 41; that is, almoſt as 
heavy again: Do you underſtand me? 

A. Yes, Sir, very well: I only with I had 
ſuch a Pair of Scales as are fit for this Purpoſe ; 


making thoſe Kinds of Experiments. 5 
B. Sir, you may eaſily obtain a Pair; and till 
then, I can lend you a Synopſis of an Eſtimate of 
the ſpecific Gravity of various Solids and Li- 


you think it worth your Peruſal *. 
| | A. Sir, 


*The beſt Method that I can find for diſcovering the /pecife 
Gravity of Solids and Fluids, with Eaſe, Expedition, and Certain- 
ty, is by means of a fine Hydroſtatic Steelyard and Sliding- Rule. 
2. The Steelyard is thus cheap and eaſily made: Tek the Pexm 
of a fine Pair of Scales, as AO (Fig. XIII. cn Plate XX, 
fronting þ 233.) let the Smith make the Arm CO of a ſuffi ieut 


Length CB, by joining a ſmal! Iron Rod thereto: to the End of 


R 4 the 


* . 
— — — — — — — 
SS — — > = 


pr then 1 ſhould take a deal of Pleaſure in 


quids, which I have taken from Dr. Quinſey, if 
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A. Sir, Tam very much obliged to you for ſo 
extraordinaryand uſeful a Piece of philoſophical 


the other Arm at A fix a Ball of Lead, or Tin, &c. D, ſuch that 
its Weight, together with that of the Arm AC, may exactly ba- 
lance or equipoiſe the Weight of the other lengthen'd Arm 
CB. | 

3. The Arm CB being duly ſhaped, is to be graduated after 
this manner: Suſpend two equal Balls or Weights E and F, one 
on each Side the Point C, at equal Diſtances CA, CO, they there 
abide in Equilibrio; therefore O is the Point from whence the 
Degrees are to begin. If now you add the Weight of 10 
Grains to the Ball F, and move the other from O a little towards 
B, you will find the Point 10 where the Weights will be exactly 
in Equilibrio, If you add ten more Grains to F, the Ball E be. 
ing again moved towards B will give the Point 20, where it will 
equibalance the other. And thus by adding 10 Grains conſtantly 
to F, you will gain the Points of Diviſion in the other Arm for 
every ten Grains to an 100, or any greater Number ; all which 
is evident from the Figure. | 

4. The Szeelyard being thus graduated, a fine Thread of Silk 
(whoſe Weight is inconſiderable) is to be fix d to the Ball F with 
a Loop at the lower End, in which any Body, or Piece of Mat- 
ter, may be put, as at 1, and then weighed by moving the Wire 
of the Ball E over the Degrees, as in the common Steelyara, till 
it comes to an Equilibrium; then the Body is to be ſuſpended 
and weighed in a Veſſel of Water as GH; and then the Dif. 
ference of its Weight in and out of the Water will be with Eaſe 
obtain'd, be the Figure or Weight of the Body what it will, within 
the Compaſs of the Inſtrument, 

5. When, by this Means, you know what any given Number 
of Grains loſe being weighed in Water, 'tis eaſy by the Sliding- 
Rule to find what an 100 Grains will loſe. Thus if 60 Grains 


of Lead loſe 53, an 100 will loſe 54 nearly; and thus a Table 


of the ſpecific Grawities of Solids and Fluids may be conſtructed 
with the greateſt Expedition. By this Steelyard I have examin- 


end many of the Gravities I have here given in the Table, and 


find they are very true. 

6. But, ſince Gold is not among the other Solids, I thought it 
yould not be amiſs if I here ſubjoin a ſmall Table of the ſpecific 
Gravity of Gold and the other Metals, with Air and Water, ig 


one View, 

Gold 19636 Iron 7832 

Quickſilver 14019 7. 
ead — 11345 Stone 2000 

Silver 10535 Water 1000 

_—_ 4. ax, rf 


Curioſity : 


Of the Preſſure of Fluids, &. 265 1 
Curioſity: And, pray, have you nothing very Sl! 
remarkable to be obſerved from the foregoing | 


Laws of the Preſſure of Fluids? mT 
B. Yes, more than I can here exemplify to 1 


ou ; however that you may know ſomethin 1 il 
of them, learn their Uſe in the following In- 8 
ſtance : Suppoſe AB (Fig. XXXVI. on Plate "i 
XXII, fronting p. 262.) a Ciſtern or Tube 4 
filled with Water always even to the Brim, as [4 
at 8; now let there be any Number of Holes 1 
DECFG made through the ſame, the Water 1 
ſpouting through each of them, will fall to an i 
horizontal Diſtance, which is double to the wh 
Diſtances of thoſe Holes from the Periphery of .\- 
a Circle AKB, deſcribed about the Length of wh 
the Tube, as a Diameter . = i 

A. If this be the Caſe, Ieaſily perceive why, 1 


in the Scheme, the Water ſpouting from the 


middle Hole C, falls fartheſt from the Tube: {RH 
for, according, to you, the Diſtance BQ to = 
which it falls, is equal to twice CK, that is, 1 
equal to the Height of the Tube AB; and as = 
this CK is the fartheſt Diſtance from the 1 


Circle, the Double thereof BQ muſt needs be 
greater than the Double of any other Diſtance, 
and therefore its Water ſpouts the fartheſt. 

B. You take the Reaſon of the Thing very 
well; you may alſo farther obſerve, that from 
two Holes EF, equally diſtant above and be- 
low the central Hole C, the Water will ſpout to 
anequal Diſtance BP, the Double of EL or FI, 
which are equal Diſtances from the Circle: Alſo 


Dr. Graweſande proves the Truth of this in his Elements, 

Book I. Chap. 24. p. 101, 102, 103. And Book II. Part 2. 

Chap. 7, 8, 9. are wholly on theſe Subjects. + 
8 
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the Water from G will ſpout to O, which is 
double the Diſtance GH ; and the Water from 
D will ſpout to N; for BN is double the Di- 
ſtance DM from the Circle. _ A 

A. I underſtand you thoroughly concerning 
this ; have you any thing elſe to obſerve of the 
Preſſure of Fluids, pray ? | 

B. One Thing amongſt many I could name 

8 is this: That, let a Body be ever ſo heavy, yet 

it may be made to ſwim in Liquids. 

A. This is very ſurprizing indeed! What can 
Lead or Gold be made to ſwim in Water, Sir? 


4 
B. Ves, by knowing their ſpecific Gravities: 5 
ä 4 . . 1 

Thus, becauſe the ſpecific Gravity of Gold is to bu 
that of Water, as 19 to 1; therefore if you hold cenc 
a Guinea to the Bottom of a Tube of equal * 

Diameter (ſo as no Water can get in) by Means that 
of a String ; then put the Tube down in the = 
Water above 19 Times the Thickneſs of the whi 
Guinea in Depth, and letting the String go, the ad 
Guinea will not fink, but ride ſuſtained by the ada 
Preſſure of the ſubjacent Water, which now is N f 

ſtronger than the Power of Gravity in the 2 
Guinea; and thus you may make any Body bs 

ſwim, how large, ſolid, and weighty ſoever *. 10 
5 | A. Well, fllec 

*The Writers oh Hydroſtaties demorftrate that the Preſſure of the « 
Liquids on the Bottom and Sides of Veſſels is always proportional to ö 
tle Height thereof, and every Way equal at the 3 Depth. conn 
2 To illuſtrate this, let GE (Fig. LXIV. on Plate XX. front- ther, 
ing Page 253.) bea Veſlel from whoſe upper Part HE proceeds be h 
a tall Tube ABCD communicating therewith. - Let this Tube raiſe 
and Veſſel be filled with Water, then ſhall the Preffure of the to tl 
Water on the Bottom G F be as great, and every way the ſame, 7. 
as it would be were the Veſſel itſelf as high as the Tube, and of F 
filled with Water to the Level of PS; that is. the Column of Wa- Imp 
ter ANOB in the preſent Caſe has the fame Effect on the Bottom | 80 
| Ta 


of the, Veſſel GE as the Column of Water PG*#S would have. 
3. This is no ſmall Paradox, but is notwithſtanding that very 


eaſy to conceive ; for ſince Fluids act in every Direction, or preſs 
8 | 1 every 


Of the Preſſure of Fluids, &c. 267 * 4 
Dy Well, I thank you for theſe general In- 
ſtructions concerning the Nature and Effects of . 
Fluids: And now, Sir, if you pleaſe, we will 
divert our Diſcourſe to the Contemplation of 
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enery Way, and every Way equally, and 4#ion and Re action is 
equal, and contrary ; it muſt follow that the Parts of the Bottom 
LN and GL {being equal to NO) will ſuſtain the ſame Preſſion as 
NO, or as they would do, were the Columns of Water continued 
to the Height PA. For in the Line CN the Force of the Co- Wl 
lumn of Water AQ is exerted on each Side equally, and has the N 
fame Effet at IL as at DO, and therefore the lateral Preſſure . ; ; 
being equal, the perpendicular Preſſures alſo on LN and NO 71288 
will be equal. 8 | | | | 
4. Or thus, if the Preſſure on the Part IL were leſs than on 17a 
the Part DO, the Fluid in the Column CO would, by reaſon of is 9 
is greater Gravity, have a Motion toward the Part IL, and the _ 
Surface AB would deſcend : But fince there is a perfect Quieſ- 
cence of all the Parts of the Fluid, and that in the Column CO | 
as much at Reſt as that in the Column CL, tis evident their | 
Prefſures and Effects are every Way the ſame, and conſequently 1 
that the Column CL preſſes as much on the Part LN, as the Co- | | 
| 
| 
| 


lumn CO does on the Part NO. What is thus proved of the 
Column IN, is to be proved of all the reſt HL, DM, and KF; 
which makes the Propoſition manifeſt. | 

5. This Paradox is alſo eaſily proved by Statics; for ſuppoſe | S 
the Veſſel fixed, and the Bottom GF moveable therein, and fo 17 
adapted to it, that no Water ſhould paſs between it and the Sides ; 
of the Veſſel; if this Bottom be hung to the Arm of a Balance 
by Means of a long Wire deſcending through the Tube, the Ef- 
fect of the Water in the Tube may be compared with that in 
the Veſſel, in regard of Weight ; thus ſuppoſe the Water in the 
Veſſel to weigh one Pound, then admit the Height of the Tube 
AC be 4 times the Height of the Veſſel CN, if the Tube be 
filled with Water to AB, you'll find 4 Pounds muſt be added to 
the other one in the Scale to make an Equilibrium. 

6. Orotherwiſe thus : Let the upper Part of the Veſſel HE be 
connected with the lower Part or Bottom GF by Means of Lea- 
ther, in the Manner of a Pair of Be/lows ; then if the Tube AD 
be fixed into the upper Part, and Water poured thercin, it will 
raiſe the upper Part from the Bottom charged with Weights equal 
to the Weight of a Column of Water equal to PGFS. 

7. I have been the more particular on this wonderful Property 
of Fluids, becauſe it is not only in itſelf very curious, but of great 
Importance in many Affairs of Life; and they who would ſee 
more may conſult the Authors above referred to, eſpecially Dr. 
Grawiſand:'s Elements. | 

Water 
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Water in particular : and firſt we will begin 
with the Waters of the Sea: What therefore do 
you find is known concerning their Extent, or 
what Proportion do the Superficies of the Sea 
bear to thoſe of the dry Land ? 


B. This is not preciſely known : I remember | 


I once calculated the Proportion of Water and 
Land, as they are repreſented on my terreſtrial 
Globe of 16 Inches Diameter, and found it to 


be ſomewhat more than , but how much! 


cannot juſtly ſay, having loſt my Notes of that 
Particular at preſent. 1 
A. Pray how came the Earth to be covered 

over, ſo far the greater Part, by Water? 
B. Thus it pleaſed God in the Beginning to 
order it; for wiſe Ends no doubt: The Waters 
of the Earth muſt neceſſarily riſe to the Surface 
thereof, as being ſpecifically lighter than Earth; 
and then it was as neceſſary there ſhould be 
large Cavities therein for Receptacles to con- 
tain them, otherwiſe they would equally have 
overſpread all the Superficies of the Earth, 
and ſo have rendered it utterly uninhabitable 
by Mankind “. | 

A. I underſtand the Figure of the whole 
Earth is round, and conſequently the Superfi- 
cies of the Sea muſt be ſo too, which I think 


On this Head hear the philoſophical Poet Ovid. 


The Earth of cloſer and compacter State, 
Fell ſelf incumber'd with her proper Weight; 
On her the groſſer Elements attend, | 
And to the * loweſt Part deſcend. 
The Waters laſt took Place, and flowing round, 
The girded Globe's extenſive Circle bound. 
| ; | Metamorph, Lib. I. Sewell. 


you 


2 
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you impute to the Action of Gravity or Power 
of Attraction in the Earth, do you not, Sir? 

B. Ves, the Center of the Earth being the 
common Center of Gravity, and the Nature 
of Fluids being ſuch, that they equally yield 
to equal Powers, and the Power of Attraction 
being every where equal at equal Diſtances 
from the Center, it follows the ſuperficial 
Parts of Water will every where conform 
themſelves to an equi-diſtant Situation from 
the Center, and conſequently will form the 
Surface of a Sphere ſo far as they extend . 

A. Pray, Sir, is the Sea higher than the 
Earth or Land, as it ſeems to be? 

B. No: for by the Power of Gravity all 
Things conform to a ſpherical Surface, in 
which no one Part is higher than another; be- 
ſiles Fluids preſs every Part equally, and 
therefore would ſoon overflow the Shores, 
were they really loweſt. | 

A. How comes it to appear ſo, then? 


Thus Ovid again in the ſame Place. 


Whatever God thus broke the formleſs Heap, 
And bid the Parts a juſt Proportion keep: 
Firſt, that the Earth might regular appear, 
He rounds the Figure to a perfect Sphere, c. 


But herein the Poet is miſtaken ; for the Figure of the Earth is 
not that of a perfect Sphere, but an oblate Spheroid, whole lon- 
gelt Diameter is that of the Equator, and the ſhorteſt that from 
Pole to Pole, the Difference being about 344; Miles according 
to Sir Jaac Nexwton in his Principia, Lib. III. Prop. 19. 
p 415. See alſo Dr. K#//s Examination of Dr. .Burnet's 
ſheory of the Earth, Chap. 6. And a large Diſſertation on 
the Figure of the Earth by Dr. Deſaguliers in Philoſoph. Tranſ. 
N* 316 to 389. 


B. This 
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B. This reſults from the Fallacy of Viſam, 
whereby all Objects, and the Parts of Land 
as well as Sea, the farther they are from us, 
the higher they appear; thus in Pieces of 
Perſpective, the Parts are all placed higher 
above the Ground Line, as they are ſituated 
more remote. The Reaſon of all which i; 
eaſy from Optics ®. 

A. Is the Depth of the Sea known ? 

B. Varenius affirms, the Depth or Profundity 
of the Sea is in ſome Places unfathomable ; and 
in other Places is very various, being in ſome 
Places , 4, , Irs, 2, 4: Engliſb Miles, 
in other Places deeper, and is much leſs in Bays 
than in Oceans. The Depths of the Sea bear 


Tis well known that the denſer any Medium is thro' which 
we behold Objects, the greater is the Nefaction, or the moretheir 
Images appear elevated above the Horizontal Level; alſo the 
greater Quantity of the Medium the Rays paſs through, the more 
they will be bent from their firſt Direction ; on both theſe Ac- | 
counts the Appearance of things remote, and on the Sea, will be 
ſomewhat above the Horizon; and the more fo, as they are more 
remote. | 

2. The Sight, with regard to diſtant Things, is terminated 
with a ſpherical Superficies, of which the Eye is the Center, and 
therefore the more remote things are, they higher they appear 
in this Superficies. For Inſtance, Let the Eye be at G viewing 
the diſtant Surface of the Sea AE; and ſuppoſe AP be Part of 
the ſpherical Superficies which terminates the Sight; Let A, B, 
C, D, E be ſeveral Parts of the Sea's Surface, theſe will appear 
in the Sphere of Viſion, at a, 6, c, d, e, all above the horizontal 
Level HE; and every Part higher as it is more remote. See 
Fig. LXV. on Plate XX. fronting p. 233. „„ 

3. Nor is this the only Fallacy ; but, if we ſuppoſe the Parts 
AB, BC, CD, and DE all equal to each other, they will appear 
very unequal to the Eye at G in the Sphere AF, that which 1s 
neareſt being (till the greateſt ; and the more remote the leſſer. 
Again, if ab, bc, cd, and de be ſuppoſed equal, the Diſtance on 
the Sea will appear to be equal, tho* they are really very un- 
equal; and, in this Caſe, the more remote, the larger. See 
much more t) this Purpoſe in Yarenius's Geog. Gen. Book J. 
Clap. 13. throughout, but eſpecially Prop. iſt and 2d thereof. 


great 
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great Analogy to the Height of Mountains on 
the Land, ſo far as is hitherto difcovered. 
A. Are you able to ſay whence the Saltneſs 

of the Sea doth ariſe ? | 

B. It is very rationally judged to ariſe from 
great Multitudes both of Mines and Moun- 
tains of Salt, diſperſed here and there in the 
Depths of the Sea : The Salt being continually 
diluted and diſſolved by the Waters, the Sea 
becomes impregnated with its Particles thro'- 
out; and for this Reaſon the Saltneſs of the 
Sea can never be diminiſhed F. . . N 

A. Pray what is the Uſe of this Salt Property 
of the Sea? 

B. The Saltneſs of the Sea preſerves its Wa- 
ters pure and ſweet, which otherwiſe would 
corrupt and ſtink like a filthy Lake; and con- 
ſequently none of Myriads of Creatures which 
now live therein, could then have Being: From 
hence alſo the Sea Water becomes much hea- 
vier; and therefore Ships of greater Size and 


Quantity may be uſed thereon. Salt Water alſo 


+ Dr. Halley ſuppoſes that tis probable the greateſt Part of the 
Salt of the Sea, and of all Sali Lakes, (as in the Caſpian Sea, the 
Dead Sea, the Lake of Mexico, the Titicaca in Peru) is derived 
from the Water of the Rivers which they received; and ſince 
this Soi t of Lakes has no Exit or Diſcharge, but by the Exha- 
lation of Vapours, and alſo fince theſe Vapours are entirely freſh 
or devoid of Salt Particles, 'tis certain the Saltneſs of the Sea 
and ſuch Lakes muſt from. time to time increaſe ; and therefore 
the Saltneſs at this time is greater than at any time heretofore. 
He farther adds, that if, by Experiments made in different Ages, 
we could find the different Quantities of Salt which the fame 
Quantity of Water (taken up in the ſame Place, and in all other 
the ſame Circumſtances) would afford, it would be eaſy from 
thence, by the Rules of Proportion, to find the Age of the World 
very nearly: at leaft, to deſtroy the Notion of the Eternity of all 
Things, Philoſ. Tranſ. N* 344- | 

| doth 
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doth not freeze ſo ſoon as freſh Water, whenee 


the Seas are more free for Navigation. 
A. I remember Solomon obſerves, that tho 


all the Rivers run into the Sea, yet the Sea is . 
not full, or doth not increaſe ; pray is there . 
any aſſignable Reaſon for this? 
B. Yes; there are two Reaſons why the Sea : 
doth not increaſe. 1. Becauſe Waters return ; 
from the Sea by ſubterranean Cavities and A- Z 
queducts, thro? various Parts of the Earth. 2, WM ¾ĩ! 
Becauſe the Quantities of Vapours raiſed from 4 
the Sea, and falling on the Land, only cauſe a 
Circulation, but no Increaſe of Water. It hath 3 
been found by Calculation, that in a Sum- E 
mers Day there may be raiſed in Vapours 
from the Mediterranean 5280000000, or 5280 5 
Millions of Tuns of Water; yet this Sea re- N 
ceiveth not from all its nine great Rivers above * 
1827000000, or 1827 Millions of Tuns per 2 
Day, which is but a third Part of what is ex- in 
hauſted in Vapours; wherefore we may rather 8 
wonder the Sea is not leſſened than increaſed “. 1 
A. I am very much pleaſed with theſe Ac- 1 
counts of the general Properties of the Sea: 5 
But, pray, what do you ſay to that moſt ob- 5 
vious and wonderful Phenomenon, the Tide, 1 
or Flux and Reflux of the Sea? H 
| dee the Calculation at large in Philoſ. Tranſ. No 212, or in b Tal 
Joan. Clerici Phyſica, Lib. 2. Ch. 8. It has been found that in th 
the Years 1699, 1700, 1701, 1702, there fell at Tow#ley in Lan- 
caſhire, at the Foot of the Mountains, 395 43, 41788, 5175 an 
Inches of Water in Depth; and at Upminfter in E/ex, theſe M 
Depths were, for the fame Years, 1575, 19, 1845. 205% In- N. 
ches. But Dr. Halley found that the Depth of the Water eva- 
porated in a cloſe Room in one Vear was but 8 Inches; from wh 
whence tis plain how much the Sun and Wind contribute to the n 


Evaporation of Water. | 


B. It 


The Doctrine of Tides explained. 273 

B. It is now very well known, that the 
Tidesare cauſed by the Attraction of the Moon, 
and. are ſometimes encreaſed by the Attracti- 
on of the Sun conſpiring therewith, as in Con- 
junctions, or new Moons, and thoſe we call 
Spring-Tides ; ſometimes the Sun's Attracti- 
on acts counter to the Moon's, as in the Qua- 
dratures, and.then the Tides are leſſened, and 


| are what we call Neap-Tzdes. 


A, Pray be ſo good as to illuſtrate the Doc- 
trine of the Tides by a Scheme. 
B. Iwill: Suppoſe then C be the Earth, Fig. 


XXXVII. on Plate XXII. fronting p. 262. ſur- 


rounded by Water PTN, M the Moon in Con- 
junction with, and O in Oppoſition to the Sun 
in d, and in her Quadratures from the Sun in Q 
Now it is plain the Part of the Ocean T, to 
which the Moon M is perpendicular, will gra- 
vitate to the Moon more than any other Parts 
in the Hemiſphere e Tu; and therefore the Wa- 
ter in that Part will become lighter than uſual, 
and ſo will tumify and riſe up towards the 
Moon. On the contrary, the Water in N, be- 
ing moſt remote from the Moon M, will be leſs 
attracted, or gravitate leſs towards the Moon 


than any other Parts of the Land or Sea in the 


Hemiſphere Nn; and therefore will keep at 
fartheſt Diſtance from the Moon, or, which is 
the ſame Thing, it becomes lighter than uſual, 
and tumifies on the Part N, contrary to the 
Moon M. By this Means the Ocean muſt of 
Neceſſity conform itſelf to an oval Figure, 
whoſe longeſt Diameter is. IN, and the ſhorter - 
en: Now becauſe the Tides at T and N are 
8 ex! 
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exiſtent both at the ſame Time, and oppoſite 
to. each other, it is Evident, they following the 
daily Courſe of the Moon, that they muſt con- 
ſtantly ſucceed each other under every Meri. 
dian at the Diſtance of 12 Hours Time, and 


therefore twice each Day as we ſee they do: 


Do you apprehend me ſo far? 

A. Yes, very well, pray proceed. 

B. Then the reſt will be ſtill eafier : For 
ſuppoſe (as Sir Jaac Newton has) that the At- 


traction of the Sun be to that ofthe Moon at our 


Earth, as 1 to 4 , or nearly, as 1 to 41; 
that is, as 2 to 9. But Mr. Domkey has ſince 
made it to be as 1 to 5228, or as 1 to 5, or 
more nearly ſtill, as 10 to 51 (whoſe Numbers 
I ſhall uſe) I ſay, ſuppoſing this be the Propor- 
tion of the Sun and Moon's Power of attracting 
the Waters of our Seas, then it follows, that 
when the Sun and Moon are in Conjunction, 
the Waters at T and N will be attracted by 
both theſe Powers jointly ; but, when the 
Moon is in Square to the Sun, that is, when 
thoſe Luminaries are in M and Q , then the 
Power of the Sun in Q acts contrary to that 
of the Moon in M; and then the Waters in 
T and N are raiſed only by the Difference 
of thoſe Powers ; ſo that the Spring Tides will 
be to the Neap T:des, as the Sum to the Dit- 


ference of thoſe Powers ; that is, as 6 to 4, or 


as 61 to 41. So that, if the Sun be able to raiſe 


the Water 1 Foot 11 Inches, the Moon will 
raiſe it above ꝙ Feet 7 Inches, and both toge- 
ther, about 11 + Feet, which is {till greater as 


the Moon is nearer the Earth. 


A. Pray in what Parts of the Earth are the 
Tides greateſt of all ? B. About 


e Dottrmeof J. 2 explained. 275 
B. About the Equator or middle of the Earth: 


For the greater the Circle, in which the Tides 


revolve, the greater will be their Agitation; and 


were the Moon placed in the Pole, the Tide 


= would remain immovable about that Pole. 
Al. Are the Tides always largeſt preciſely 


at the Tune of new and full Moons ? | 


B. No; for by Reaſon of the Water's Li- 


bration, thoſe Tides are ſomewhat changed, 
being greateſt about three Tides later. 

A. Are the ſame Tides (viz. Spring, or Neap) 
in the ſame Place, all the Vear round equal? 

B. No; for, as I ſhewed you a while ago, 
the Earth is ſomething nearer the Sun in the 
Winter than in the Summer; therefore the 
rreateft Equinoctial Tides are obſerved to hap- 


pen ſome Tine before the vernal Equinox, 


and after the autumnal One. 

A. Does the different Poſition of the Moon 
in her Orb make any Difference of the Tides ? 

B. Ves; becaule in the diurnal Revolution 
of the Moon, that Tide of the two ought to 
be greateſt, in which the Moon is neareſt to 
the Zenith or Nadir of the Place; therefore 
with us, the Moon being neareſt our Zenith 
in the Northern Signs when above the Hori- 
zon, muſt then cauſe the greateſt of the two 
Tides when ſhe paſſeth our Meridian ; but 
being neareſt the Nadir, when in the Southern 
digns, ſhe makes the greateſt Tide here, when 
ſhe paſſeth the oppoſite Meridian, below the 
Horizon +. A. Do 
| +Theſe and all other Affections of the Tides ariſing from the 
different Latitudes of Places will be eaſi y and beit underſtood by 


Fg. LXVI. on Plate XX. fronting p. 233. Where 1 
8 2 the 
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A. Do all theſe Phenomena of the Tides a- 
ee with Obſervations every where, or in all 
Parts of the Sea ? . 
B. Very ſufficiently in the main Oceans; 
but are more or leſs altered and interrupted in 
Bays, Straits, Havens, &c. where thoſe gene- 
ral Cauſes cannot produce their Effects freely. 
And thus I have related to you all the gene- 


ral Aﬀections of the Tides, which you may | 


reduce to particular Caſes yourſelf. | 

A. Sir, I am extremely obliged to you; pray 
tell me in the next Place whence Fountains 
and Springs may arile ? 


the Earth covered over with very deep Waters, C its Center, 


Pp its Poles, AE the EquinoQual, Ff the Latitude of a Place, | 


Dd another at equal Diſtance on the other Side the Equinoctial, 
H, h, the two Points where the Moon is vertical, and let Kk be 
the great Circle wherein the Moon appears horizontal. | 

It is evident that a Sphero:d deſcribed upon Hh and Kk ſhall 


nearly repreſent the Figure of the Sex ; and Cf, CD, CF and Cd, 


ſhall be the Heights of the Sea in the Places f, D, F, d; in all 
which it is High Water: and ſeeing that in 12 Hours Time, by 
the diurnal Rotation of the Earth, the Point F is tranferred tof, 
and d to D, the Height of the Sea CF will be that of High Water 
when the Moon is preſent, and Cf that of the other High Va- 
ter when the Moon js under the Earth; which in the Caſe of this 
Figure is leſs than the former CF. For CF is near the greateſt de- 
mi-diameter of the Spheroid CH, and Cf is neareſt the leaſt CK. 
And in the oppoſite Parallel Dd, the contrary happens; the 
Riſing of the Water being always alternately greater and leſs 
in each Place when it is produced by the Moon's declining ſen- 
fibly from the Equinoctial, that being the greateſt of the two 
High Waters in each diurnal Revolution of the Moon, where- 
in ſhe approaches neareſt either to the Zenith or Nadir of the 
Place. .Conſequently, the Moon in the Northern Signs in that 
Part of the World makes the greateſt Sides when above the 
Earth, and in the Southern Signs when under the Earth ; the 
Effect being always the greateſt where the Moon is fartheſt 
from the Horizon either above or below it; and this alternate 
Increaſe and Decreaſe of the Tides has been obſerved to hold 
good on the Coaſt of England, at Briſtol by Captain Sturmy, and 
at Pi mouth by Captain Coleprefe, Philoſ. Tranſ. No. 226. 


B. Fountain, 


te 
"Id 
nd 
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B. Fountains, or Springs, are of two Sorts, 
53. I. Thoſe which run in the Winter, and 


dry up in the Summer, called temporal: And, 


2. Thoſe which conſtantly keep running, cal- 


kd perennial Springs. Temporal Springs ariſe 


generally from great Rains which ſink thro! - 


the Surface of the Earth, and are collected in 
the Crevices, and ſubterraneous Veins and 
Channels, and ſeveral ſmaller ones uniting, 
form larger Courſes which tend thro” various 
Windings and Declivities, to ſome Part of the 


* 


Farth's Superficies, where they break thro” 


and diſcharge themſelves in little Streams and 
Brooks. Thoſe which are called perennial, 
are ſuppoſed to derive their Waters from the 
Ocean itſelf by Ducts and hollow Paſlages 
running thence, through the Bowels of the 
Earth to various Parts of its Superficies, where 
they diſcharge themſelves as do others. But 
many very learned Naturaliſts are of Opinion, 
that theſe are ſupplied with their Waters, if not 
wholly, yet, chiefly by Rain, as well as tempo- 
ral SHrings. The Learned are varioufly divid- 
ed in their Judgments about the Original of 
rings : However this we know, that Lakes, 
Wells, and ſeveral Streams, and ſome great Ri- 
vers, owe their Original intirely to Springs ; as 


alſo all Baths and Fountains, are only a Col- 


lection of Waters iſſuing from thoſe Springs f. 
| £5 1.38 


I The great Number of thoſe who hold that Springs are de- 


rived from the Sea. and of thoſe who aſcribe their Original! to 


Na n and diſſolved Snow, fee in Johnſen's Quæſt. Philoſophicæ, 


Cap. 2. Queſt. 34. 
Dr. Woochabard has an Hvpotheſis which makes the Origin of 


Fountajns to conſilt in an Abyſs of Waters in the B»wels of the 


Auth; which Water, he ſays, is made to aſce d by Mans of ſub- 
8 3 | 


tetranean 
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A. Tis true that I can ſee with my Eyes 
But, pray, whence is it that their Waters have 
ſuch vaſtly different Qualities ? 

B. From the Qualities and Temperament of 
the Soil or Earth through which thoſe ſubter- 
ranean Waters paſs. Thus thoſe Waters which 
paſs thro' Lays or Beds of metallic or mine- 
ral Earth, carry along with them ſome of thoſe 
mineral Particles, and thence become endued 
with the Quality of thoſe Metals and Minerals, 
and thus we call them mineral Waters, of which 


there are various Species, as acid, bitter, hot, coll, 


oily or fat, coloured, Boi li ng, petrifying, ſalt, &c. 
which conſtitute various Kinds of Baths and 
Wells of medicinal Waters: Thus thoſe Waters 


which boil up ho7, are made ſo by ſubterranean | 


Fires and Fumes of Sulphur, and other inflam- 
mable Subſtances. Thoſe which are ſalt, con- 
tract their Saltneſs from the Quantities of Salt 
they paſs through in the Earth; and thoſe | 
which are cih, &c. from the ſulphureous and 
bituminous Matter melted in the Bowels of the 


terranean Fire. But Dr. Arbuthnot has refuted this Docttine in 
his Examination of the Doctor's Hiſtory, 

All this Time the moſt plauſible and commonly received Hy- 
potheſis concerning the Origin of Fountains, is that of Dr. Edmund 
Halley, viz. The Condenſation and Precipitation of Vapours from the 
Tops of high Mountains by a cold and rarified Air ; Where, ſays he, 
the Water gleeting down by the Crannies of the Stone, Part thereof 
enters into the Caverns of the Hills, and gathers together as in an 
Alembic into the Baſons of Stones it finds; which being once fil 
led, all the Overplus runs over by the loweſt Place, and breaking 
out by the Sides of the Hills, forms ſingle Springs: Many of theſe 
running down by the Vallies form Rivalets or Brooks ; many of 
theſe uniting their Streams in the Valley, and gaining plain 
Ground, become leſs rapid and form a River. And many of 
theſe being united in one common Channel make ſuch Streams as 
the Rhine, the Rhone, the Danube, &c. Philoſ, Tranſ. Earth 

| 5 art 


wo Far © un 


r 
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Farth by Heat and Spirit ; and ſo of the reſt, 
Thus Farenius. © 

A. Pray, to conclude this Head, what do 
you think of the Original of Rivers ? 

B. Some of them riſe, as I faid, immediate- 
ly from Springs themſelves ; others from the 
Conflux of many ſmaller Streams, Brooks and 
Rivulets, which together make one great Cur- 
rent or Stream. Lotth, Vaſt Defluxions of 
Rain, melted Snow, condenſed Vapours, &c. 
from the Sides of high Mountains, tear up the 
Earth, and form the largeſt Channels and Ri- 
vers in the World, whoſe rapid Streams all 
run into the Sea in ſome Part or other. 


CHAS P, IF: 

PY TOGRAPHY, or the PHILOSOPHY of 
PLANTS and VEGETABLES, of VEGE- 
TAT ION, of their Production, of the SEED, 
and Seed- Plant, of the RooT, of the BLADE, 
STALK and TRUNK, of the Bun, LEaves 
and FL OwW RRS, of the FRU1T, &c. of the 

PERSPIRA TION of Plants, &c. 


A. LEAsS E, Sir, to explain to me the 
Word Phytography ? | 
It is compounded of @vroy, a Plant, and 


17 75 a Deſcription; and thus it implies a 


Phyfrotogical Deſcription of Plants, and all 


Kinds of Y egetables. 
1 A. Pray, Sir, what do you call Vegeta- 
2s @ | 


8 B. All 
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B. All ſuch natural Bodies as grow and in- 


creaſe from Parts organically formed, or ſerving 


as Inſtruments to convey the Principles of vege- 
tative Life; but have no proper Life or Senſa- 
tion; ſuch as Plants, Shrubs and Trees. 


A. Pray explain to me what you mean by 


vegetative Life, or Vegetation? Eo + 

B. That Faculty or Quality which Plants 
are endued withal, whereby they attract Nou- 
riſhment, or nutritious Juices from Earth, and 
which circulating their Subſtance, cauſeth it to 
extend, unravel, or unfold its Parts by Degrees, 
till at length every Part turns out in its proper 
Form and Site, and thus the Plant is perfected. 

A. Do you ſay, that the vegetable Life and 
Growth of Plants and Trees proceeds from the 
Juices of Earth, and not from the Earth itſelf? 

B. Yes, and that is the Truth : For Mr. 


Boyle found by Experiment, that a Plant of 3 


Pounds, and after that, a Plant of 14 Pounds, 
was produced from a Quantity of Earth, wa- 


| tered only with Rain or Spring Water, which 


loſt ſcarce any Thing of its Weight, being 
preciſely weighed dry, before and after the 


Production of the Plants. 


A. Indeed, I cannot ſay but ſuch an Expe- 
riment undeniably proves, that Plants receive 
their Growth and Weight from the Moiſture 
of the Earth altogether, and not from the 
Subſtance of the Earth itſelf. 

B. Yes, I can give a more convincing In- 
ſtance yet: Yan Helmont dried 20006. of Earth, 
and therein planted a Willow weighing 5/6. 
which he watered withRain or diſtilled Water F 

| and 
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and to ſecure it from other Earth getting in, he 
covered it with a perforated Tin Cover: After 
5 Years, weighing the Tree with. all the Leaves 
it had borne in that Time, he found it to weigh 
169 . 3 Ounces, but the Earth to have loſt 
only about 2 Ounces of its Weight &. 5 
A. Sir, I am fully convinced and ſatisfied of 
this Matter: But, pray, how is the firſt Gene- 
ration or Production of Plants accounted for? 
B. All Plants and Vegetables are immediate- 
ly produced and generated from fome Parent 
Plant, or Vegetable Seed, of the ſame Species. 
A. How can this be, when Plants have been 
often found to grow where Seeds were never . 
ſown, or could come ? 
B. There may be a three-fold Anſwer given 
to your Query: For, 1. "Tis poſſible thoſe 
Plants may ſpring from Seeds which may have 
lain hid in the Earth in thoſe Places more than 
the Age of Man ; for ſome Seeds retain their 
Fecundity 40 or 50 Years. 2. They might riſe 
from Seed wafted thither by the Wind, which 
by Reaſon of its wonderful Smallneſs could 
not be ſeen. 3. Thoſe Seeds alſo.might be 
brought thither in the Dung of Animals at 
hrit, and fo increaſe. However, nothing can be 
more effectually confuted than the atheiſtical 
Doctrine of the ſpontaneous Production, or equi- 
vocal Generation of Plants or Animals, in the 


Works of modern Naturaliſts +. A. Well 


* See alſo Dr. Wordwward's Experiments relating to this Mat- 
ter, Philoſ. Tranſ. No. 253. Harris's Lexicon under the Word 
Vegetation, or in the Philoſophical Library, under the Title Bo- 
 fany, Page 437. 7 8 1 
FT By the pontaneous Production of Plants is mean, their greau- 
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A. Well then, ſince you will have it that 
every Plant is produced from the Seed of 4 
Plant of the fame Species, be pleaſed to ex. 

lain how this may be. 

B. It is the Doctrine of modern Phyfologifts, 
that every Seed hath in itfelf what they call 
Planta Seminalis, or Seed Plaut; that is, that 
the Plant which is produced from the Seed, is 
really and formally contained in the Seed (be- 
fore it is ſown) in Miniature; and when the 
Seed is ſown, the Parts of the Seed Plant, now 
in Embryo, begin to vegetate, unfold, dilate, 
and at laſt burſt. the Matrix-Seed, and fo 
ſwell out of its native Bed of Embryoni/m. 


ing, as it were, of their own Accord, or without Seed; and 
this in regard of Animals is call'd Eguivoca! Generation, wheres 
by they are produced without Parents in Caitu. 

That this Doctrine is dire#ly Atheiftical is but too manifeſt ; 
for ſuppoſing the Generation of ſome Plants and Animals to be 
ſpontaneous or caſual now, we can't tell but that the Generati- 
on of all might have been ſo at firſt; and if the Being of any 
Thing be caſual, or proceeding from Chance, tis certain all we 
can find in the Nature or Compoſition of ſuch a Being muſt al- 
ſo be fortuitous or by Chance. And thus all the Arguments 
derived from the wonderful Mechanifm of the whole, and the 
ſarpriſing Structure of the ſeveral Parts of vegetable and ani- 
mal Bodies (the two great Magazines of natural Religion) are 
utterly deſtroyed. But this is fo notoriouſly contrary to com- 
mon Senſe and Reaſon as to need no Refutation. | 

Indeed to thoſe who know not the Uſe of the Microſcope, and 
have made no nice Enquiry into the Nature of Things, but conſi - 
der every Thing in a rude and vulgar View, there may poſſibly 
appear ſome ſpecious Arguments for ſpontaneous Generation, but 
they who are willing may ſee them all confuted in Bentley's Boyles 
LeR. Sermon 4. Derbam's Phyſico-Theol. Book IV. Chap. 15. 
Note (1.) Vati's Philoſ. Eſſays, Eflay q. Vollaſton's Relig. of 
Nature, Page 88. Fr. Redi Exper. Nat. & de Gen. Inſectarum. 


Ray's Wiſd. of God, Page 344. Clerici Phyſ. Part IV. Cap. 2. 


$. 33. & ſeqq. More's Antidote againſt Atheiſm, Book II. 


Chap. 6. Harris's Lexicon at the Word Generation, With the 
ſeveral Authors mentioned in John ſon's Philoſ. Quæſt. Page 26, 


A. Pray 


27, and 33, 34. 
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A. Pray how came they by fuch a ſtrange 
Notion of the Production of Fegetables? 

B. By the help of a Microſcope ; for there- 
by they have diſcovered and ſeen the involved 


Stamen of the future Plant in every ſingle Seed; 


which is a very curious and delightful Specta- 
cle indeed 4. N | 

A. Why then, according to this new Doc- 
trine, the firſt Original Seed of each Kind (at 
the Creation) contained in it all the future 


Seeds and Plants which were produced from - 


it in all . ſucceeding Ages; and yet itſelf no 
bigger then, than we ſee it now. 

B. Yes, it did fo indeed; and what is prov- 
ed to be Fact, cannot be called in Queſtion. 

A. I cannot help queſtioning it ; is it poſſi- 
ble, for Inſtance, that one of our white boil- 
ing Peaſe (which is capable of producing above 
an hundred-fold each Year) thould at the 
Time of the Creation contain within its ſmall 
globular Bulk (about ; of an Inch Diameter) 
all that yearly Product of Peaſe, Cods, and 
Haulm or Stalk, of that Kind ever fince ? 
B. You know Matter doth conſiſt of Parts, 
or Corpulcles, inconceivably ſmall; and to raiſe 
your Admiration the higher, let us make the 


4 By the Stamen is to be underſtood thoſe Rudiments or ſim- 
ple original Parts of a Plant or Animal which firſt exiſt in the 
Embryo or Feetal State, or in the Szed; and which afterwards, 
by Diſtinction and Accretion of nutritious Juices, extends it- 


{elf to its utmoſt Bulk, and then the Plant or Animal is faid to 
be perfectly formed, or arrived to its mature State. This, in 


Plants, is likewiſe called Germen or Germ, alſo Plantule or ſmall 
Plant: and may be ſeen in all Seeds with the Microſcope, and 
in ſome with the naked Eye, as the Bean, and —_ the 

Kidney-bean, where the very Ribs of the Leaves of next Year's 
Plant are viſible ia the Seed of this, 


following 
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following Calculation ; Suppoſe in your own 
Caſe, that one white Pea will produce an 100 
in the firſt Year ; then thoſe 100 will produce 
each an 100 more the ſecond Year, and ſo in 


all 10000 ; theſe would produce in the third 


Year 1000000, in the fourth Year 100000000, 
in the fifth Year 10000000000, and ſo on, in- 
creaſing each Year in a geometrical Proportion, 
whoſe common Ratio is 100 ; ſo that the Pro- 
duct in any Year will be expreſſed by a Number 
conſiſting of an Unit, with ſo many Cyphers 
annexed, as is equal to twice the Number ex- 
preſſing that Year ; therefore ſuppoſe the Age 
of the World were 5673 Years this preſent 
Year, then all the Peaſe produced from ht one 
Pea, to this Time, would require a Number, 
conſiſting of 1 1346 Places of Figures, to ex- 
preſs them: But the Number of Peaſe (reckon- 
ing 50 to a Foot in Length) which would be 
contained in a Cube circumſcribing the Orb of 
the Planet Saturn (which Orb is 1554000000 
Miles in Diameter) would requireno more than 
44 Places of Figures to expreſs them: The 
Quantity of Peaſe hitherto produced would e- 
qual fuch a Number of thoſe immenſe Cubes, 
as would conſiſt of 11303 Places of Figures; 
which is vaſtly beyond all Compariſon and 
human Thought! Beſides the far greater 
Quantity of Haulm, Cods, Roots, Leaves, &c. 
A. Well, thoſe who are bleſt with the Gift 
of Credulity to believe any Thing, may believe 


this; for my Part, I think it's the greateſt Im- 


poffibility, that a Gnall Pea ſhould contain the 
9 of Matter beforeſaid, which i is ſuffi- 
cient 


W 
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cient to fill Millions of Millions of Millions 
of Worlds. 

B. Then I find there is no making a modern 
modiſh Philoſopher of you, Sir, in every Point. 

A. No, I cannot but think in this Caſe they 
are ſome Way miſtaken. I remember you told 

me the Vulgar were often deceived by Viſion 
without a Glaſs ; and it is poſſible the Learned 
may ſometimes with one: But leaving this to 
the Inventors, pray what Kind of Proceſs doth 
Nature take to raiſe the Plant from 255 Seed 
in the Ground ? 

B. The Method of Nature here (as i in all her 
other Works) 1 is moſt admirable, as will appear 
in the curious Mechaniſm and Conſtruction of 
a Bean Root, for Inſtance; (See Fig, XXXVIII. 
on Plate XXII. fronting p. 262.) In that Fi- 
gure AB repreſents the two Lobes of the Bean 
flit, which are joined together by a little white 
Sprig 3 in O; in each Lobe you ſee the Branches 
aaa, of that called the Seed Root ee, every 
where diſplayed thro' the Body of the Bean: 
Theſe Branches of the Seed Root ee feed the lit- 
tle Sprout, or Earth Root oc (deſcending down- 
wards) with the Pulp or Matter of the Bean 
(prepared by the Ferment of the Earth) till 
the ſaid Earth Root is capable of penetrating 
the Earth, and extending itsParts ſufficiently e- 
nough to extract, for itſelf and the Plant it is to 
ſuſtain, Nouriſhment from the Juices and Moiſ- 
ture of the Earth : For from this Earth Root 
there ſpringeth upward the Sprout F, called (by 
Dr. Grew) the Pluma, or Feather ; and in this 
Pluma, and the Earth Root together, is con- 
tained, in Miniature, all the future Plant. 

A. Why 
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if they are pulled off, the Plant will not grow; 
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A. Why then it appears, that the Matter oe ü 
Subſtance of the Bean ſerves much the ſame 
Purpoſe to the Seed Root, as the Volk of an Egg 
to the Embryo Chick; or as the Earth doth af. 
terwards to the Radicle, or Earth Root itſelf 

B. Yes, it doth ſo; and having enabled the 
Earth Root to ſhoot into the Earth in order to 
procure its own Nouriſhment, it is then, 
Means of the Seed Root, turned to the Uſe of 
the Pina; cauling it alſo to ſprout upwards, 
in Order to become a Trunk hereafter. 

A. What becomes of thoſe Seed Lobes AR, 
when the Earth Root no longer requires their 
oe. -* | 
B. They are, in moſt Seeds, carried upwards 
with the Pluma out of the Earth, after which 
they compoſe the Seed Leaves, as they are 
called, as in Cucumbers and French Beans, we 
ſee them. El | 

A. What is the Uſe of thoſe Sead Leaves to 


Plants ? 
Leaves 


B. The Effects and Uſes of thefeSeed Lea 
(faiththe learned Malpighi )are ſo neceſſary, that 


or if it ſhould any Way increaſe, it won't be 
compleat, but always defective. The Learned 
are divided as to their particular Utes to Plants. 

A. In the next Place, pleaſe to let me know 
particularly in what Manner the Root of the 
Plant procures Nourifhment for its Growth 
and Increaſe ? 

B. In Order to this, I muſt ſhew you the 
Make and Conſtruction of the Root, and, as it 
were, anatomize the ſeveral Parts to your View a 

an 
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_ Y:gctation and Growth of Plants. 287 
a chen point out their Uſes. To this End, I 
ball chooſe two Roots, viz. a Root of Vorm 
wed, as Hg. XXXIX. on Plate XXIII. front- 
gp. 287. and a Hor ſe-Radiſo Root, Fig. XL. 
n che ſame Plate; in each of which, T re- 
eents the Root cut tranſverily as it appears 
che naked Eye: The other great quadran- 
Figures are each a Quarter of the aforeſaid 
ion T, magnified to the Sight by a Micro- 
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re; which thus inlarged, ſhews the various 1 

ical Parts of which it is compoſed, and ä of 

—_—y which Vegetation is performed. 1,8 
4 And does this Glaſs, indeed, thus mag- _ | mY 


I 


and inlarge the ſmall Section T? What 
Wonderful Diſcoveries have been reſerved for 
Whis curious and inquiſitive Age ! Pray deſcribe 

ne the different Appearances of thoſe mag- 

eied Sections. | | 
B. Iwill in the following Order. 1. Abis i 

he Skin or Rind, or outward Membrane in- | 

lading the Root. 2. From A to C in the 

Bo mwood Root is the Bark, which is a mem- 

anous Subſtance, confiſting partly of a great 

Number of little Bladders or Veſicles BBB; the 

ee is repreſented by AB in the Hor ſe-Radiſſ 

ost: It alſo conſiſteth in Part of a lignous or 

oody Subſtance, as from B to L in the Root 

named. 3. The Wood of the Root is all 

bat Part between B and E in the Hor ſe-Radifh 

Woot ;. and from CC, to the very Center in the 

/mwood Root. 4. The Wood of the Root 

onſiſteth alſo of two different Subſtances, vi. 

lignous One, properly the Wood as EEE, and 

parenchymous One, like that of the 155 55 
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288 The PHILOSOPHICAL GRAMMAR, 
DDD, inſerted regularly between the Portions of | 


Wood; theſe are very diſtinct in the Wormwnd 
Root, but in the Radiſh Root, and in ſever]. 


others, they are not ſo viſible. 5. In the Wood 


you ſee the Orifices of ſeveral Tubes, or hollow 
Veins aaua, which are the Mouths of Air Veſ- 
ſels. 6. From G to E, in the Radiſh Root, is a- 
nother little Circle of Veſſels, like thoſe of the 
Bark. 7. Laftly, From E to the Center, in the 
Radiſh Root, is the Pith, which conſiſteth of 


theſame parenchymous, or ſpongy Subſtance of 


Bladders, as doth the Bark, and Part of the 
Wood; but the Pith is not common to all Roots 
as you ſee there is none in the Wormævood Root“. 

A. And, pray, what is the Uſe of the ſeveral 
Parts of the Root now deſcribed ? 

B. The Bladders in the Bark render it a 
ſpongy Subſtance, which therefore is fit to im- 
bibe and ſuck up the watery Parts of the Soil, 
which are impregnate with the Principles of ve- 
getable Life and Growth : This impregnated | 
Water imbibed by the Bark is what wecall the 
Sap ; the Skin of the Root ſerving as a Filtre, 
to ſtrain and purify it at its firſt Entrance, 2. 
The Sap thus ſtrained and imbibed, doth fer- 
ment in the Subſtance of the Bark, whereby 
it becomes farther prepared, and ſo doth more 
eaſily inſinuate itſelf into the parenchymousSub- 


* The Word Parenchyma was formerly uſed to denote that 
red fleſhy Subſtance which lies between the Interſtices of the 
Veſſels in the Bowel+, and gives them their Bulk; as in the Li- 
wer, Kidnies, $;len, &c. from whence it was afterwards uſed 10 
fignify the ſoft, ſpongeous, or pulpy Parts of any B:dy, as of 
the Leaves, Roots, Cc. of Plants. And hence 'tis uſual'to ſay 
ſuch Parts are Parenchymous, that have ſuch a Matter and Texture. 


{tance 
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ſtance of the Root; whereupon, partly by the 
Appulſe of freſh Sap, and partly by the pulſive 
Motion of the extended Bladders of the Paren- 
chma, the Sap is forced thence into the other 
parts of the Root; and is ſtill more and more 
ſtrained in its Paſſage from Bladder to Bladder. 
z. The Sap, thus diſtributed thro' the whole 
Root, doth ſupply its organieal Parts with thoſe 
Principles. of N — 1 which every one 


requires : and thus res by the conſtant 
Application of thoſe nutritious Principles, re- 


ceives its Increment, Solidity and Growth, or ve- 


getative Life and Motion in every Part. 
A. To what End/ do thoſe you call Air 
Veſſels ſerve ? ” 
B. In them is contained a proper Kind of 
vegetable Air or Vapour, which ſerveth to 
ferment the Sap now entering the ligneousPart, 


the better to qualify it for Aſſimilation, or | 


Uniting therewith. _ 

A. Why, I pray, do the Roots of ſome 
Plants yield a milky Juice or Liquor, and others 
a clear watery one, when cut ? 

B. Becauſe that in each Root, the Fluid or 


Liquor of each organical Part is made chiefly 


by different Filtration of the Sap through the 
Sides thereof; therefore thoſe which ſtrain 
more freely the aqueous or watery Part of the 
Sap, contain a Lympha or clear Water, and are 
hence called Lymphedufts ; and where theſe 
are moſt numerous in Roots, ſuch Roots 
when cut will bleed a Lympha. As on the 
other Hand, thoſe Veſſels, which are diſpoſed 
to admit the oily or ' balſamic Part of the 
Sap moſt copiouſly, are called lactiferous Veſ- 
1 


els 3 


”Y Wm ieloSaS FL TT RIS TR =_ 1 —_— 
ol 


— —— 9 


„ - 


els ; and Roots, which contain a great Plentz 


ſtained 'till now from the Subſtance of the 


fold all its Blades, Branches, Buds, Leaves, 


Plant, for the Communication of this er 


Microſcope ; wherein AB is the Skin; ABCD 
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of thoſe, will, when cut, bleed a milky, ai | 
or balſamic Liquor. | | 
A. When the Root is thus formed, and in- | 
ſtructed with all its ſeveral Organs of Vegeta- | 
tion, as you have now related ; pray which is 
the next Step which Nature takes! in the Pro- 
duction of the Plant? N 
B. The Root being now become the Peper | 
rator for the future Plant, doth by extracting 
from the Earth, by its Veſlels, proper vegetable f 
Juices and Aliment, adminiſter or communi- 
cate the ſame to the Pluma, or Seed Plant (ſu- 


Seed by the Seed Root, or Seed Leayes) and 
thereby cauſeth it to ſhoot forth vigorouſly 
and increaſe, and gradually to ſwell out or un- 


Flowers and Seeds again, from various Part 
of its Stalk or Trunk. 

A. Then, I ſuppoſe, the fame Mechaniſm, 
or Apparatus of organized Parts is continued 
from the Root to the Trunk or Stem of the 


ble Suſtenance ; is it not? 

B. Ves; and that you may ſee it is ſo, I have 
taken Fg. XLI. on Plate XXIV. fronting 
p. 290. from Dr. Grew for your Satisfaction: 
In which Trepreſents one Quarter of a Section 
of a hazel Branch as it appears to the Eye; 
AGB is the ſame as it appears through a good 


the Bark ; QQQ the Parenchyma of Bladders, 
or Sap Veſſels; HI a Ring of a ſpecial Sort of 
Veſſels ; PP mon * Veſſels; CDEF the 

H1gneous 
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7:05 Subſtance, or Wood, of three Years 


Growth; KLFE the Wood of two Years ; 


wood; thoſe numerous Holes appearing all 
over the ſame, are the Mouths of Air Veſlels : 
Thus you fee tlie organical Conſtitution of the 
Stalk, or Trunk, is the ſame with that I before 
—_— wed in the Root. 1 
A. It is fo indeed, and I am ſurprized to ſee 


ſuch wonderousContrivance and Analogy of the 
Organization of Vegetables ! But, pray, go on. 


B. The nutritious Sap aſcends the firſt Year 

of a Plant's Growth by the Veſſels of the Pith ; 

= after which the Pith becomes dry, and ſo con- 
—_— tines. 2. The next Part, thro' which the 
Sap riſeth, is the Wood, by the Air Veſſels, and 


which it aſcends, is the Bark, as beforeſaid, 
the greateſt Part of the Year ; and this is the 
general Theory of the Motion of the Sap &. 


1 * Thus the learned Dr. Grew; but it is a Matter of great 
—_— Controverſy how the Sap aſcends, and what Courſe it takes after 
tie is imbibed by the Roots, whether it is by the Bar#, the Pith, 
or the #07, or all as abovementioned. The Retainers to each 
— ypotheſi, and the Arguments produced to ſupport it, ſee in 
—_— :_ Notes to Boerhaawe's Chemiſtry, p. 146, 147, and 148 


of the Theory. 85 5 

Some Naturaliſts ſtrongly maintain a Circulation the Sap in 
Plants and Trees: But the Reverend Mr. Hales, in his Vegetable 
Statics, will not allow it, but endeavours to prove the contrary, 
Vol. I. Exper. 46. &c. | | 
$55 Dr. Boerhaawe ſays, that, ſince the Sap is furmſhed by the 
I Earth, it will conſiſt of ſame fil Parts, ſome Parts delivered 
from the Air and Rain, and others from putrefied Animals, 
Plants, c. and that therefore in Vegetables are contained all 


Metals too, ſince their Aſhes always afford ſomewhat which the 
Loadſtdne attrafs. Theory of Chemiſtry by Shaav, Page 147. 


MNEF the Wood of the firſt Year; XX the 
_renchymous Inſertions; O the Pith full of 
= Veſicles; the black Parcels are the folid 


that only in the Spring. 3. The third Part, by 


Kinds of Salt, Oil, Watcr, Earth, and probably, all Kinds of 
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292 The PHILos0PHICAL GRAMMAR; 
A. But, fince both Root and Branch con- 
tain Air Veſſels, pray in what Part of the Plant 
doth the Air firſt enter it?! 
B. The chief Entrance of Air is at the Root, 


along with the Sap; but it alſo enters more or 
leſs at the Trunk, Leaves, Sc. Parts of the 


Plant: The Air, or airy Part of the Sap, be- 


ing thus raiſed in its proper Veſſels, is filtred 
through the ſame into the Veſicles of the pa- 
renchymous Inſertions in the Wood ; and thus 
is diſtributed through all the Parts of the Plant 


V 


or Tree . | | | 
A. Pray why are the Stalks of ſome Plants 


hollow. within ? | 


B. Partly for the more expedient Ripening 


of the Fruit or Seed, which is better effected 


by a more plentiful Supply of Air by theſe hol- 
low Trunks ; and partly for the better deter- 
mining the true Age of the Plant; for the Air 
in this Hollow, by drying up the Sap, ſhrink- 
eth the Sap Veſſels ſo far as to hinder the Mo- 
tion of the Sap therein; whence the Plant muſt 
periſh of Courſe: Hence it is, that the greater 
Part of annual Trunks are hollow. 

A, Pleaſe next to ſay, whence the Form or 
Figuration of the Trunks of Plants and Trees 
proceeds. | | 

B. Chiefly from the Air in the Air Veſſels : 
Thus almoſt all Shrubs have a greater Number 
of Air Veſſels, and thoſe of a ſmaller Size; 


+ Mr. Hales has proved by many curious Experiments, that 
all Plants perſpire in a conſiderable Degree, but Ever- greens the 
leaſt of any. He diſcovered that the Quantity of Nouriſhment 
imbibed and perſpired in a Sun Flower is to that of a Man, B 
for Bulk, as 17 to 1, Peget, Statics, Exper, 1. | 


which 


— 


Pf / ⁊ ß 


8 _— ———— 
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which therefore, moſt eaſily yielding to the 
magnetic Attraction of the external Air, do 


conſequently ſpread much abroad: by which 


ſpreading the Air Veſſels do ſooner, and more 
eaſily ſtrike into the Bark, and ſo produce col- 
lateral Buds and Branches, and that upon the 
firſt Rifing of the Plant from the Root; and 
thus it becomes a Shrub : But, if the ſaid Air 
Veſſels are very large, as in Oak, Walnut, 
Elm, Cc. they will not ſo eaſily yield or ſhoot 
out collaterally ; and ſo the Trunk grows up 
taller and more entire, CES 
A. Why do ſome Trees run up ſo very 
ſlender, and others ſo very thick and big ? 


B. This is from the Poſition of the Air Veſ- 


ſels; for where they lie moſt circular round 
the Center in Form of Rings, as in Elm and 
Aſh, there the Tree in proportion grows more 
tall and taper, and leſs thick : But 'when the 
(aid Veſſels ſpread more broad, and are po- 
ſtured in Lines from the Center, as in Oak, 
Sc. then the Tree grows very thick; in this 
Caſe the diametrical Growth of the Wood be- 


ing more promoted than in any other-: For 


which general Reaſon alſo Trees grow round 


or angular. 

A. Pray how comes it to paſs, that ſeveral 
Stalks of Plants have Joints or Knots ? And 
what is their Uſe? 
B. Becauſe in forming the Branch or Blade, 
both the Rind and woody Subſtancethereof are, 
upon their ſhooting forth, divaricated from their 
perpendicular Poſture to a croſs Poſition, and 
as they with the other grow and thrive toge- 


* „ 


— 
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ther, they bind and throng each other into a 
Knot. The Uſes of Knots are two, v2. for 
ſtrengthening the Stem, and for finer Growth; 
for the Knots ſerve to ftrain and tranſmit the 
Juices more refined to the upper Parts, and 
to the Fruit. E: 

A. How do you account for the Production 
and Textures of the Leaves? 

B. The Parts of the Leaf are ſubſtantially 


the ſame with thoſe of the Branch; its Skin 


is the Continuation of that of the Branch; the 
Fibres or Nerves diſperſed thro' the Leaf, are 
only Ramifications of the Branch's Wood, or 
ligneous Body; the parenchymous Subſtance, 
which lies between the Fibres, is nothing but 


the Continuation of the cortical Body, or Sub- 


ſtance of the Bark, ſpread through the ſame}. 
A. Pray 


4 The Leaves of Plants (ſuch as have woody Fibres) are eaſily 
anatomized, and a Skeleton of the Fibres made as follows. 

1. The Leaves muſt be gather'd when full grown or old, but 
not dry; then expoſe them in an open Veſſel of Wans, and as faſt 
as it ere fill it up again. | 

2. After about a Month or two the Leaves will begin to pu- 
trefy, or grow ſoft; and the Pellicle or thin Skin on each Side 
will firſt begin to ſeparate from the pulpous Part of the Leaves, 

3. The Leaf is then to be put into a broad Pan of Water, where 
you have room to ſqueeze the pulpous or green Subſtance of the 
Leaf, which muſt be very gently, and it will eaſily ſeparate 
from, and leave an intire Skeleton of Fibres. 


4. Or ſometimes I have only laid the Leaf, ſtript of its Skins or 


Membranes, on a Piece of Paper, where, after it has lain a little 
to dry, I have only taken hold of the Tail of the Leaf, and gent- 
ly raifing it, the Skeleton has freely ſeparated from the Pulp 
which adhered to the Paper. 

5. In many” of theſe Skeletons, as that of 'the Apple Tree, 
Cherry Tree, i{olm, &c. you will find that all the Fibres great 
and ſmall are double ; or that there are two Layers or Planes of 
Fibres, which yo Hbſerve may be eaſily ſeparated from 
each other thro' the whole Skeleton. 

6. Theſe 


De Uſe of Leaves. 20s 
A. Pray what is the Uſe of Leaves ? 


B. Firſt, For Protection which the y afford 
to each other, and to the Flower in the Bud; 


as alſo to the Fruit itſelf in ſome Plants. Se- 


condly, For Augmentation; for the Capacity for 
the due Spreading and Ampliation of a Tree 
or Plant are its Leaves. Thirdly, They ſerve 
to the greater Purity and Preparation of the 
Sap; the groſſer Parts of which are retained 
in the Leaves, while the more elaborate and 


eſſential are ſupplied to the Flower, Fruit, and 


Seed, as their proper Aliment. Fourthly, They 
ſerve to Perſpiration ; for thoſe Orifices, ob- 
ſerved to be in Leaves, perform the ſame 
Functions in Trees as the Pores of the Bodies 
do in Men; that is, to cauſe an inviſible Per- 
ſpiration in Plants *. | | 
A. Pray 


6. Theſe two Planes of woody Fibres, which compoſe the 
Skeleton of a Leaf, are ſuppoſed to be analogous to the Arteries 
and Veins of an Animal Body. But there is no diſcerning which 
are the arterial, and which the venal Fibres. See the Figure of 
the Skeleton, and its Duplicature, of an Apple Leaf in Hg. 
LXVII. on Plate XX. fronting Page 233. | 

7. After a like Manner may Fruits be prepared, and Skeletons 
of them procured, as Apples, Pears, Peaches, &c. They muſt be 
ſound and good, pared very nicely, then boiled gently till they are 


thoroughly ſoft: then taking them out, and putting them into 


a Baſon of cold Water, hold the Tail in one Hand, and with 
one Finger and Thumb of the other rub the Pulp gently off, and 
preſerve the Skeleton in Spirit of Wine rectiſied. 

8. Carrots and other Roots that have woody Fibres, muſt bz 
boiled without paring till they grow ſoft, and the Pulp comes 
off. Not only many Sorts of Roots, but the Bark of ſeveral 
Trees alſo may be reduced after this Method into Skeletons pre- 
ſenting rare and curious Views of Vegetables. Philaſ. Trar/. 
Ne 414, and 416. 

* Notwithſtanding the great Perſpiration in Animals and Plants, 
I never yet could diſcover any thing like Pores in the Scarf-Skin 
of the one, or the fine Membranes which cover the Leaves of 
the other; tho? I have often ſought them in the moſt proper Sub- 
jects, and with the belt Sort of r Reflecting Microſcopes. - 

| | 4 | 
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A.Pray what do you obſerve concerning the 
Flowers of Plants? ng 

B. In the Flower may be obſerved : 1. The 
Empalement, or Calyx, or the Cup, which con- 
taineth the Flower, and is deſigned for the 
Guard and Security of the other Parts of the 
Flower. 2. The Fohation, or Compoſure of 
Leaves, which are of divers Forms and Co- 
lours; whoſe conſtituent Parts are the ſame 
as thoſe of the Leaves, viz. Skin, Parenchy- 
ma, and Air, and Sap Veſſels. 3. Within 
the Foliage ſtands the Attire; that is, thoſe 
fine upright Stems with their Apices, and the 
Style in the very Middle of all; and theſe are 
the general Parts of which the Flower doth 
conſiſt. 


A. Pray can you tell the Uſes of thoſe ſe- 
veral Parts of the Flower ? 


B. The Empalement, as I ſaid, is for the Secu- 
rity of the Flower in Embryo, and afterwards for 
the Support of the Foliage, to keep the Leaves of 


the Flower in due and decorous Poſture, which 


I know Mr. Lewenhoek (in Trauſ. No. 369) tells us, that he 
has viewed theſe Pores or Spiracles very clearly in the Leawes of 
Box; and that on one Superficies of ſuch a Leaf he has compu- 
ted 172090 Pores, and on the other as many. The Royal So- 
ciety has received and admitted this to paſs for Truth. Whereas 
J believe it may be eafily made to appear that nothing is more 
falſe, and that, inſtead of ſeeing 344180 Pores, he never ſaw 
ene. Tis no hard Matter alſo to point out the Grounds of the 
Fallacy, or to prove that this is not the only Error which this 
Prince of thePirruf has fallen into, and publiſhed to theWorld. 
But theſe Matters muſt be referred to a future Tract on theſe Sub- 
jets. I ſhall only here obſerve, that there is ſomething ex- 
ceeding fire and delicate in the Texture of the Pellicle or fine 
Membrane which covers the Box Leaf, and alſo in the Skeleton 
made thereof. Alſo that the tranſparent Spherules, or round clear 
Drops ſtanding all over the Surface of the Leaves of Hy/op, Mint, 
&c. and others of other Forms and Colours on other Plants, make 
a very xleaſant and delightful View in the Microſcope. 


* would | 


r — 
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would otherwiſe hang uncouth and taudry, as 
a Lady without her Bodice, The Foliage, or 
Leaves of the Flower, defend the Attire, and 
in ſome Plants the Fruit; it alſo ſerves for the 
further Refining and Separation of proper Parts 
of the Sap for the perfecting the Seed. The 
Attire is an Ornament and Diſtinction in Flow- 
ers. It ſupplies alſo divers Kinds of ſmall Ani- 
mals with Food, which harbour therein; that 
is, in the Hollowneſs of the Style. Laſih, it 
is ſuppoſed, it alſo ſerveth as Male Sperm to 
impregnate and fructify the Seed “. 

A. What is the Nature and Compoſition of 
Fruit, I pray you? 
B. The general Nature and Compoſition of 


all Fruit is one and the fame ; that is, their eſ- 


That there is ſuch a thing as a Sex in Plants, that ſome 
Plants are Male, others Female, and moſt Heirmaphroaite ; and 
that the Flower is the Pudendum of the Plant, as containing the 
Parts of Generation, are Points agreed on as certain by modern 
Naturaliſts. 3 ; | | 

2. The Male Parts of a Flower are the Stamina or Stems, 
and their 4p:ces, or little Tops, which contain the fine Powder or 
Farina, which is imagined to be the Semen or Sperm of the Plant. 

The Female Parts are the Style, which ſerves to receive 
the Semen; and the Szed-Ca/e at the Bottom of the Style, which 
is judg*d to be the Matrix, or Womb of the Plant. 

4. Some Plants have only the Male Parts of the Flower, and 
they never bear Fruit; others the Female Parts only, and they 
bear Fruit. In others, as Cucumbers, Melons, Gourds, Walnut, 
Oak, Beech, c. the Male and Female Flowers grow at ſome 
Diſtance from each other. But, 2 

5. Moſt Plants are Hermaphrodite, or have the Male and Fe- 
male Parts in the ſame Flower, as the Pulp, Lily, Balyanthus, &c. 

6. The Learned can't as yet fully prove the der of Im- 
pregnation and Generation of Plants; tis generally agreed, 
that the Farina falling from the Apices, is received by the Syle 
or Piffz, which conveys it to the Seed-Caſe below where it 
impregnates the Embryo-Seed contain'd therein. There is 
much to be ſaid for and againſt this Hypotheſis, a ſhort View of 
which Controverſy the Reader may meet with in Shaw's Notes 
to Boerhaave's Chemiftiry, Page 149 and 150 of the Theory, 
and in the other Botanical Authors, ; 

ſential 
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ſential and truly vital Parts are in all the ſame; 
and but the Continuation of thoſe which 1 have 
already obſerved to you do conſtitute the other 
Parts of the Plant. 0 by the different Con- 


ſtitution and Textures of theſe Parts, divers 


conſiderably different Fruits reſult, as Apples, 
Pears, Plums, Nuts, Berries, &c. 

A. Pray what are the particular Parts which 
compoſe thoſe different Fruits ? 

B. The Apple doth conſiſt of theſe four, vis. 
The Pilling, the Parenchyma or Pulp, Bran- 
chery and Coar. The Pear hath five diſtin 
Parts; the Pilling, Parenchyma, the Branchery, 
Calculary and Acetary. The Plum (to which 
the Cherry, Apricot, Peach, &c. may be refer- 
red) conſiſts of four Parts; the Pilling, Paren- 
chyma, Branchery, and Stone. The Berry con- 
ſiſteth of four Parts; the Pilling, the Paren- 
chyma, Branchery, and Seed. The Nut con- 
ſiſteth of three Parts: The Cap, the Shell, and 
Pith. All which are largely treated of by Dr. 
Grew in his Anatomy of Plants. 

A. Pray (to be 9 what are the principal 
yes of Fruit? 

B. The Uſe of Fruit is ho Gt: For, firſt, 


it ſerveth Man (and I may fay Beaſt) as a deli- 


cious and pleaſant Meat or Food; beſides the 


various Purpoſes of Medicine, Second! „It ſup- 


plies the Seed with a due and moſt convenient 
Sap; the Fruit doing the ſame Office to the 
Seed, as the Leaves do to the Fruit, via. that, by 
a due Purification and Exaltation of the Sap, 
the Seed may obtain its Perfection: 

A. Pray, what is the Seed in its State of Ge- 
neration ? 


B. As 
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and the Plume to ſhoot forth. 
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B. As the original, ſo the ultimate End and 

Perfection of Vegetation is the Seed. How it 
hath been in its State adapted to Vegetation we 
have already feen. Its State of Generation is as 
follows : The Sap, having in the Root, Trunk, 
and Leaves, paſſed divers Concoctions and — 
parations, is now at laſt, in ſome good Matu- 
rity, advanced towards the Seed. In the F ruit, 
as Was ſaid, it is ſtill farther prepared, and the 
more eſſential Part is tranſmitted into that 
ticular Part of the Branchery, called the Seed 
Branch; which, becauſe it is a good Length, 
and very fine, doth yet farther maturate the Sap 
in paſſing through it: In this mature State it 
is conducted through the Seed Branch into the 
Coats of the Seed, as into the Womb. The 
meaner Part of the Sap to the outer Coat, the 
more fine is tranſmitted to the inner Coat, 
where it is farther prepared by Fermentation; 
and thence is filtred through a fine Skin into 
the inmoſt Part or Subſtance of the Seed, and 
there becomes a Liquor fit for the actuating the 
future Embryo Seed, or cauſing it to vegetate 


A. But pray, Sir, before you quite diſmiſs 
the Subject of Plants, pleaſe to let me know 
what you think of 222 Muſhrooms, and thoſe 
fungous Excreſcences adhering to the Sides of 
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Trees? 

B. Muſhromms, Mo Tr and other fungous Sub- A 
ſtances, are a ſpurious Kind of Plants ; or which # 
may be called excrementitious Plants; ſince they [ 
ariſe intirely from the Bodies of other Plants, or i 
from a-Kind of viſcous Mucilage of the Earth: 1 
Theygrow indeed, and have Roots, ſome inſerted | i 
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into the Fibres of the Plant producing them, 
as Mifletoe is radicated into the Fibres of the 
Oak ; and Moſs to the Fibres of the Barks of 
Trees. Muſhrooms ariſe from various Matters 
in Earth or Wood, and are found to conſiſt of 
a vaſt Bundle of Fibres, proceeding from the 
Subſtance on which they grow; | theſe make 
the Stalk, and thence divaricating ſpread and 
extend themſelves into a ſpherical Canopy, or 
Head, which contains a ſucculent Parenchyma; 
on the under Part of which, I am apt to think, 
the Seed may be produced (though none hath 
hitherto been ſeen) which being wafted about 
by the Wind, falls in divers Places of the Earth, 
and there takes Root and grows: Thus Moſs 
undoubtedly bears Seed, by which the various 
Sorts thereof are propagated ; though for their 
Smallneſs they cannot be ſeen *, 


A. I am 


* Of Mz, Naturaliſts make mention of about 300 different 
Kinds; 'tho* thoſe which grow common are not above o. 
They have great Variety in their Growth, Form, and Make; 
and moſt of them afford an agreeable Sight in the Microſcope. 
I never could diſcover any thing like Flower Seeds in many of 
them; and therefore they are truly judged to be Plants of their 
oun Kind. | 


2. Dr. Lifter takes the Gills of Muſhrooms to be the very 


Flower and Seed of the Plant; indeed no other can be diſcover'd 


by the 2 The Mouldine/s on Leather, Paſte, Pickles, 
Sc. is of the Muſproom Tribe; they are well known to be of a 
ſpeedy Growth ; they confiſt of Multitudes of fine Stalks or 
Stems ; on the Tops whereof grow round Heads containing a 
kind of Liquor, as I have often found by bruifing them under 
the Microſcope. f 
3. The Fungi, or what we call Jesus Far, Agaric, &c. which 
grow on the Rind of Trees, are of a very porous Subſtance; if 
the Superficies of ſome be view'd with a Microſcope, it will ap- 
pear like a Honey Comb, full of Holes which go deep, and 
make a fiſtular Subſtance. In theſe there is till leſs diſcernible 
of Roots, Flowers, or Seed, Fj 
| 4. The 
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A. I am greatly obliged to you, Sir, for this 


conciſe and regular Epitome of the Science 9 

Vegetation; and conſequently the true Theory 
of Plants : I never underſtood ſo much before, 
nor, indeed, have I Time to peruſe voluminous 
Authors. 8 


4. The Puff- Balls are another odd ſort of production ; theſe 
at firſt have a fleſhy Subſtance pretty firm, which by Degrees be- 


coming more ripe, changes to a kind of Duſt, which Mr. 


Bradley takes to be the Seed. | | 

5. The Truffle, like the Puff ball, is form'd under Ground, it 
lies about 6 or 8 Inches deep; is of a firm and fleſhy Subſtance 
within, and cortical without; the fleſhy Part, if view'd in thin 
Slices under the Microſcope, appears to be compoſed of roundiſh, 


opake and very ſmall Particles, thickly interſperſed thro* a white, 
tranſparent, and g vaſcular Subſtance, which runs in 
l 


large and finer Veins all over the Subſtance of the Truffle. 
They are of two Kinds, one round, the other of an Egg- like 
Figure. They are of a ſtrong and very diſagreeable Odour ; 
but are eſteem'd in Food as a very delicious and luxurious Piece 
of Dainty. They are found very common in the Woods of 
ttaly and France; and, of late, in divers Parts of England. And 


Dogs are here taught to hunt em out with as great Sagacity 


and as eafily as to ſet Game, 

6. As to what relates to the Sabmarine Vegetables, or thoſe 
which grow in and under the Sea, as the large green mem- 
branous Seabelts, which grow on Stones; the Tuci, and other 
dea Weeds; the Coralines on Stones and Oyſter-Shells; the 


Sea-Fan; the Coral which grows on Rocks, the Sponge, &c. 


They are fo numerous and various as not to be treated of here; 
only this I ſhall obſerve in general, that they appear to be defi- 
cient in Roots, Flowers, and Seed ; and are moſt of a very 
wonderful Texture and Make, eſpecially the Sponge, which 
makes the fineſt of Spectacles in the Microſcope. 

7. For Abundance more on this Head conſult Dr. Greww's 
and Malpighi's Anatomy of Plants, Turnefort's Inflit. rei Herba- 
riæ, Bradley on Gardening, and his Philo/ophical Account of the 
Works of Nature. The Spectacle de la Nature, Vol. II. Millar's 
Gardener's Dictionary, Fol. Roy's Method and Hiflory of Plants, 
Hales's Vegetable Statics, Vol. I. Pomet on Drugs. Clerict 
Phy/. Lib. IV. Cap. 1, 2, 3. Shaw's Notes to Boerhaowe's 
Chemifiry, Page 142, &c. Derham's Phyſico-' heology, Book X. 
The Philolog. Library, under the Title Botany, Page 431. Cham. 
bers and Harris's Lexicon. Philoſoph. Tranſ. abridg'd by Loaw- 
thorp, Vol. II. Chap. 5. Jones's Continuation, Vol. IV Part 2. 
Chap. 5. Eames and Martyn's Continuation, Vol. VI. Part 2. 
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CHAT... 
ZooGRAPH , or the PHILOSOPHY of AN1- 
MALS; of the HUMAN Body, and it: 
ſolid and fluid Parts; a SURVEY. of the Na- 
ture of BR AS TS, of FowL, of FIS RES, of 
INsE CTS, of REPTILEs, of SHELL-AN1- 
MALS, Sc. of Health, Diſeaſe, Vigilance, 
Sleep, Dreams, Hunger, Thirſt, Death. 


A. I RAY what is the Etytiliology of the 
Word Zoography ? 

B. It is compoſed of the Greek Zwov, an Ani- 

mal, or Living Creature, and pa, a Deſcrip- 


tion; and thence it imports a phyſiological 


Deſcription of the Nature and Properties of a 
Living Creature, which we call by the general 
Term Animal x. 

A. How 


*The Word Animal is a Derivation from the Latin Word 
Anima, which Word, with the Ramuns and all Latin Writers, 
ſignifies the Soul: Now let us ſee what Ideas the Latixs ex preſs d 
by this Word, that we may have the better Notion of what we 


call the Soul, and how far Animals have a Share therein. 


2. The Word Anima was derived from the Greet ding., 
which ſignifies the Wind or Air, which therefore muſt be the 
original or primary Senſe of this Word, and ſo Virgil uſes it, 
Quantum Ignis Animæque valent, Fin. 8. Secondly, it was uſed 
for the Breath; thus Plautus, An fatet Anima Uxoris ſux ? 
Thirdly, it was often uſed for the Body. Fourthly, for the 
Mind; which was generally expreſs'd by another Word Aninus. 
Fifthly, it ſometimes ſignified the Paſſons; as, Comprime Ani- 
mam, Plaut. Sixthly, the moſt uſual Signification of all was 
2. or that Principle by which Bodies /zwve, move, and have 

enſe. 
3. In Greek, what we call Animal, is call'd ſimply Zu, 2 
Living Creature, from Zaw, to live. The Greeks indeed have a 
Word for the Soul, viz. vx, but then this Word alſo was de- 
rived from the Word uyw, to blow, to breathe, to cool, &c. and 
ſo hath no other Signification in the original Uſe than that 'of 


the Breath or Blaſt of Wind; after which it came to be uſed for 


the 


wo 4 
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A. How many Sorts of Animals are there? 

B. Naturaliſis generally diſtribute Animals 
into ſeven great Kinds,, viz. (1.) Rational Ani- 
mals, or Mankind. (2.) Quadrupeds, or four- 
footed Beaſts. (3.) Birds, or Fowl. (4.) F:/hes. 
(5.) Iiſects. (6.) Reptiles. (7.) Conchiticus or 
Shell Animals, Of each of theſe we will take 
a ſhort Survey; and then conclude with a few 
Reflections on the common Accidents of Animal 
Life. 5 

A. I preſume your intended Survey of Man 
will extend no farther than the Animal Part; 
pray, therefore, what are the Component Parts of 
our Bodies? | SE 

B. The human Body conſiſts of hid and 


uid Parts, which in general are call'd the So- 


lids and Fluids, or Humours of the Body. 
A. What are the general Diviſions of this Part 
of Philoſophy * f 


B. I ſhall here divide it with Reſpect to the 


different Perfection of Animals, viz. 


1. Anthropography, of the human Body. 


the Body, the Life, and the Mind, all which Senſes are frequent 
in the New Teſtament, and other Greet Writers. 

4. Laſtly, the Words which ſignified the Soul among the He- 
brews were two, viz. WPI), which ſignifies the /enfitive Soul; 


and Nh], the human or rational Soul; but both theſe Words 


likewiſe in their original and primary Senſe were uſed for Hali- 
tus, Flatus, Reſpiratio, that is, for the Breath or Reſpiration in 
Animals. See Ger. ii. 7. Fob. xxxvii. 10. Jſaiahii. 22, &c. 
5. Now if the Words in three original Languages which were 
uſed for the Soul, do primarily mean no more than the Breath, 
and, at moſt, the Life of Living Creatures, I think *tis evident 
that all Creatures which breathe, and have Senſe and Life, may 
properly, yea literally, be ſaid to have a Soul ; which Soul in all 
Animals is in a greater or leſſer Degree perfect, according as 
their Faculties and Powers of Life, Senſe, and Mind are ſo. 
2. Zoo- 
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2. Zoography, of the Bodies of Brutes in 
particular. Feel ens 
3. Ornithography, of the Nature of Birds 
or Fowl. | | 
4. Tchthyography, of the Nature of Fiſhes. 
5. Entomatography, of the Nature of I- 
ſets. 
6. Herpetography, of the Nature of Rep. 
files. : 
7. Zoophytography, of the Nature of Shell 


mals. 


A. Pray what do you particularly include 
under the firſt Diviſion, which you call An- 
thropography ? 

B. A brief phyſiological Deſcription of all 
the component Parts of the human Boch; 
which Parts are of two different Kinds, viz. 


Solids, and Fluids. 


A. Which are the ſolid Paris of the hu- 
man Body ? IE 5 
B. Thoſe which follow: 1. Bones. 2. Car- 

tilages. 3. Ligaments. 4. Muſcles. 5. Ten- 

dons. 6. Membranes. 7. Nerves, 8. Arteries. 

9. Veins. lo. Ducts, or fine tubular Veſſels of 

various Sorts. Of theſe ſimple Solids the more 

compounded Organs of Life conſiſt, 

A. Pray, which are thoſe compound Organs 
of Life ? | 

B. The Brain, and Cerebellum ; the Lungs ; 
the Heart; the Stomach; the Liver; the 

Spleen ; the Pancreas ; the Kianeys, the Glands; 

the Dnteſtines ; together with the Organs of 

Senſe, viz. the Eyes ; the Ears; the Noſe ; 

the Tongue. 

EE”. A. Which 
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5 4 Which are the fluid Parts of the human 
ody ? 

B. They are theſe: 1. The Chyle. 2. Bleod, 
3. Saliva, or Spittle. 4. Bile. 5. Milk. 6. Lym- 
pha. 7 The Semen. 8. The pancreatick Juice. 
9. Urine, 10. Phlegm. 11. Serum. And; 12. 
The aqueous Humour of the Eyes. 

A. Pray what is a Bone, and how generated? 


B. A Bone is a Bundle of hard Fibres, tied 


to one another by ſmall tranſverſe Fibres. In 
the Fætus thoſe Fibres are porous, ſoft, and 
eaſily diſcerned; it is probable they are nouriſh- 
ed by the ſerous Part of the Blood, As their 
Pores fill up with a Subſtance of their own Na- 
ture, ſo they increaſe, harden, and grow cloſe; 
thus when the Pores are full of this Subſtance, 
the Bones are grown to their utmoſt Extent, 
Hardneſs and Solidity. 

A. Are there not divers Sorts of Bones in the 
Body ? 

B. Yes; ſome are hollow, and filled with 
Marrow ; others are ſolid clear through; ſome 
are very ſinall, others very large; ſome are round, 
and others fat; ſome are plain, others convex, 
or concave; where they are joined to each other, 
they make the various Joints throughout our 
Bodies, 

A, Pray what is the Uſe of the Bones ? 

= They are in us, as the Timber in the Build- 


; the Uſe of which is to give Strength, Firm- 


hy Solidity, Form and Beauty to the Whole. 
A. Pray can you tell the Number of Bones 
in a human Body: 
B. Dr. Keill has reckoned 245; others make 


them to be 249, vis. In the Skull 14; in the Face 
U and 
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and Throat 46; in the Trunk 67; in the Arms 
and Hands 62; in the Legs and Feet 60. I 
A. What doth a Bone yield by a cEymical, 4. | 


8 [F: 
B. They produce much volatile Salt and ie 


ri, ih are very ſubtle and penetrating; ſome 
Sulphur, very ſtinking ; a little Phlegm, and 


much Earth. 


A. What is that Part you call a Cartilage, I ; 


pray you? 


B. A Cartilage, or Criſtle, is a ſmooth and 


ſolid Body, ſofter than a Bone; in it are no Ca- 
vities or Cells containing Marrow, nor is it co- 
vered with any Membrane to make it ſenſible, 
as are the Bones, The Cartilages have a natu- 


ral Reſort or Elaſticity, whereby they retrieve 4 


their natural Figure or Situation. They are 
chiefly in thoſe Places where a ſoft and eaſy Mo- 


tion is required, as in the Ears, Noſe, Wind- 


pipe, &c. They cover alſo the Ends of all the 
Bones that are joined together for Motion. 
A. Pray what are their Uſes? 

B. They are appointed for the ſpecial Struc- 
ture of ſome Parts, as the Ears, Noſe, Cc. and 
for the eaſy Motion of the Bones in the Joints, 

A. What do you call a Ligament ? 

B. A Ligament hath its Name from Ligo, 
to bind, and 1s a white ſolid Body, ſofter than 
a Cartilage, yet harder than a Membrane; 
they have no Cavities containing Marrow, nor 
any Senſe : Their chief Uſe is to bind and faſten 
the Bones (in their Articulation) together, leſt 
they ſhould be dif placed by any violent Motion. 
A. Pray what is a Muſcle? 1 

| B. 
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B. A Muſcle is a Bundle of fleſhy, and often 
tendinous Fibres; of hieh alf in the ſame Plane 
gre parallel to one another, and are all incloſed 
by one proper lembrane. The fleſhy Fibres 
compoſe the Bot (called che Belly) of the 
Maſcle ; and the tendinous Fibres, the Extre- 


mites : Thus, in Hg. XLII. on Plate XXV. 
fronting p. 307. AB is the Belly of the Muſcle, 


C is its Head; and D its Tail, both tendinous. 
A. How many Sorts of Muſcles are there? 


B. Several; Some being long and rov: d, as 


Hg. XLII; ſome plane and eſteular, as Fig. XLIII, 
ſome bros whoſe Fibres He Piral wiſe, as Fig. 
XLIV; ſome braid; 'whoſe Fibres run trait, as 
Fig. XLV ; ſome whoſe Fibres lie divaricated, 
or converge: from their Beginning to a narrow 
Tendon, as FjgiXEVt; ſome are double, which 
conſiſt of a Tendon running through its Body 
from Head toll anda e of Fibres on each 
Side, as Fig. XL VII, fome are yet more double, 
having two or more tendinous Branches running 


through them, with various Rows and Orders 
of Fibres, as Hg. XLVIII; fome have only a 


ſmall long B Body; which divides into ſeveral ſmall 
Tendons at the End, as Fig; XEIX ; others alſo 
have two Bodjes proceeding from one Head ; 


and there are others yet of a different Sort from 


any here deſcribed. ' Note all the Figures a- 
bove referees; are on Plate XXV fronting this 


307 
A. What i is ihe Us of Muſcles | ? 

B. They conſtitute the fleſhy Part of our 
Bodies, and give it that beautiful Form we ob- 
ſerve over all its Surface. 2. But they princi- 
pally ſerve foranimal Motion; for by their _ 
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all the Parts of the animal Body are moved. 

A. How is that Motion performed? 

B. Thus; each Muſcle, and every Fibre in 
a Muſcle, hath Nerves, Arteries and Veins, at- 
tending it; now by the Rarefaction of the Blood 
and Spirits in thoſe Veſſels, their Caveties are 
diſtended; the Muſcle muſt then ſwell of Courſe, 
and ſwelling, will contract and become ſhorter: 
Therefore the Bone, or Part, into which the 
Muſcle is inſerted, will, by this Contraction of 
it, be drawn or pulled towards that Part where 
the Muſcle ariſes; and this is the general The- 


ory of all animal Motion. 


A. Pray what Number of Muſcles may there 
be in a human Body? 7 
B. Dr. Keill numerates 446 ſingle Muſcles 
in the whole Body ; but others (leſs knowing) 
have reckoned different Numbers. — 
A. Pray what do youunderſtand by a Tendon? | 
B. A Tendon is a Part conſiſting of nervous 
Fibres, void of any parenchymous or fleſhy Sub- 
ſtance, inveſted in a Membrane common to all 
the Muſcles; and form what we call the Head 
C, and Tail D, of all Muſcles; or thoſe Parts 
by which they ariſe from, or are inſerted into 


the Bones of the ſeveral Limbs of the Body: 
The Number of Fibres in every Tendon is equal 


to that of the Fibres of the Muſcle, and are the 
ſame Fibres with them; they are thoſe white, 
hard, compacted Bodies, which we vulgarly 
call $7ne10s. ES 
A. What Part is that you call a Membrane? 
B. A Membrane is a Web of ſeveral Sorts of 


Fibres, interwoven for thecoveringand wrapping 
up of ſome Parts ; hence they are elaſtic, and of 


al 


1 
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an exquiſite Senſe ; here the innumerable Di- 
viſions, Windings, ſerpentine Progreſſions, and 
frequent Inoſculations of Veins with Veins, and 
Arteries with Arteries, make a moſt agreeable 
Embroidery, and delicate Net-work, covering 
the whole Membrane. | 

A. Pray, Sir, what is the Uſe of Membranes? 

B. To cover and wrap up the Parts; to 
ſtrengthen them; to ſave them from external 
Injuries ; to preſerve the natural Heat; to join 
one Part to another; to cauſe an exquiſite Senſe; 
to ſeparate a Humour (by its Glands) for moiſt- 
ening the Parts, &c. 1 

A. Are there not divers Kinds of Membranes? 

B. Ves; as the Scar feſein, covering the whole 
Body; the Sin of the Body itſelf; the Meninges 
of the Brain; the Pleura in the Breaſt? the 
Pericardium involving the Heart; the Perioſ- 
teum inveſting the Bones: The Tunicles or 
Coates of the Veſſels, as the Stomach, Bladder, 
Veins, Arteries, Inteſtines, Teſticles, Sc. are 
all Membranes of different Kinds. 

A. Pray what do you call a Nerve? 

B. A Nerve is a long and ſmall Bundle of 
very fine Pipes, or hollow Fibres, wrapped up 
in the Membranes of the Brain, from whence 
they have their Beginning. 

A. What do you find to be the Uſe of the 
Nerves? 

B. It is very probably ſuppoſed, they are the 
immediate Organs of all Senſation ; for to every 
external Organ of Senſe, as the Eye, the Ear, 
the Noſe, the Tongue, are detached one or more 
Pair of thoſe Nerves from the Brain; alſo thoſe 
Nerves which proceed from the ſpinal Mar- 

"" 03 row, 
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row, are ſpread through all Parts of the Muſcles 


and their Membranes, and to every Point in the 
Superficies of the Body; and thereby make the 
whole ſenſible. 


A. Pray by what Means do the Nerves ren- 


der the Parts ſenſible ? 

B. It is imagined, they do it by the Motion 
of an exceeding fine and inviſible Fluid they 
contain, called the animal Spirits; by which 
Impreſſions are communicated to the Mind 


(whoſe Seat is in the Brain) from all Parts of 


the animal Body. 

A. How many, or what Quantity of Nerves 
may there be in the Body? 

B. There be ten Pair, which proceed doin 
the medullary Subſtance of the Brain, which are 
chiefly diſtributed to all the Parts of the Head 
and Neck ; from the ſpinal Marrow there pro- 
ceed through the Vertebræ, thirty Pair to all the 
other Parts of the Body; and thus in all there 
are forty Pair ; for they come forth originally 
by Pairs. 

A. Pray what do you call Arteries? 

B. Arteries are thoſe Pipes, Tubes, or Chan- 
nels, which convey the Blood from the Heart 
to all Parts of the Body: 

A, What is their Compoſition or Texture ? 

B. They conſiſt, or are compoſed of three 
Coats, viz. The firſt ſeems to be a Web of fine 
Blood Veſſels and Nerves, for nouriſhing the 
Coats of the Artery, The : ſecond i is made up of 
circular, or rather ſpiral Fibres; of which there 

are more or fewer Lays, according to the Big- 
neſs « of the Artery, T he third and Wr Coat 
18 
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is a fine, denſe, tranſparent Membrane, which 
keeps the Blood within its Channels, The Ar- 
teries branch out into various Ramifications, | 
and become inviſibly ſmall at laſt. 

A. Pray whence is that Pulſation we find in- 
ſeveral Parts of our Bodies? 

B. This is a Motion of the Arteries only; the 
Blood being thrown out from the left Ventri- 
cle of the Heart into the great Artery, ſome 
and ſome at a Time, preſſeth the Side of the 
Artery, and cauſes an intermitting Dilatation 
thereof; which is continued by the conſtant 
pulſive Motion of the Blood, and the Spring or 
Elaſticity of the Artery acting on it; hence there- 
fore enſues a conſtant alternate Dilatation and 
Contraction of the Coats of an Artery ; and is 
what we properly call the Pulſe. | 

A. Pray what is the D. ference between Ar- 
teries and Veins? 

B. Veins are only a Continuation of the ca- 
pillary Arteries at their Extremities, and convey 
the refluent Blood back again to the Heart; in 
their Return they unite their Channels as the 
approach the Heart, and form at laſt the three 
large Trunks, viz. the Vena Cava Aſcendens, 
Deſcendens, and the Vena Porta, as they are 
called. 

A. How happens it that Veins N no 
Pulſe ? 

B. Becauſe the Blood is poured into them at 
the Anaſtomoſis in one continued even Stream; 
and becauſe it moves from a narrower Channel 
to a wider; the Preſſure of the Blood againſt 
the Sides of the Veins being leſs thanthat againſt 
| ok Sides of the Arteries, 


U 4 A, Pray 
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A. Pray what do you call thoſe Du#s of 
tubular Veſſels, you mentioned under the laſt 
Head of ſolid Parts? 
B. Thoſe ſmall, fine, hollow Pipes or Tubes 


diſperſed through all Parts of the Body ; which 


convey, ſome a Lymph, called Lympheduds 

others a milky Liquor, called lacteal Veins ; and 
others convey other Fuices and Humours of the 
Body to their proper Places. 

A. Having thus heard you on the Nature 
and Uſe of the more ſimple Solids ; I ſhall be 
obliged to you for a ſmall Account of the more 
compound ſolid Parts, which you call the great 
Organs of Life: And, pray, what! is the Nature 
of the Brain. 

B. The whole Subſtance of the Brain is di- 
vided into two Parts; that which lies in the 
Fore- part of the Skull, called the Cerebrum; 
and that lying in the Back- part, called the C- 
rebellum. In the Cerebrum, or Fore- part of 

the Brain, there are obſerved two Kinds of Sub- 
ſtances, the external and internal; the external 


Subſtance i is loft, glandulous, and of the Colour 


of Aſhes; this Part receiyes the capillary Branches 


of the Veins and Arteries belonging to the Brain, 
and ſendeth from its little oval Glands an infi- 
nite Number of Fibres, which all together make 
up the medullary Subſtance of the internal Part 
of the Brain and Cerebellum, which going out 
of the Skull, form the Nerves and ſpinal Mar- 
70W. 

A. What is the U/e of the Brain ? 

B. The Uſe of the Brain is to ſeparate from 
the Blood brought thither, the fineſt and ſubtleſt 
* thereof, called animal Spiri its, by the 

Glands 
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Glands in the external Part, which are received 
from thoſe Glands by the Fibres of the medul- 
lary Subſtance, and are from thence convey'd b 
the Nerves. (which theſe Fibres compoſe) to al 
Parts of the Body; giving the Faculty of Senſa- 
tion to the whole. 

A. Pray what is the Nature of the Lungs? 

B. The Subſtance of the Lungs is compoſed 
of an infinite Number of little Lobes or Spheres, 
of various Figures and Magnitudes, whoſe Sur- 
faces are ſo adapted as to leave but few and 
{mall Interſtices ; theſe ſmall Lobes are diſpoſed 
like ſo many Bunches of Grapes on the Sides 
of the Branches of the Wind-pipe : Each little 
Lobe contains within itsown proper Membrane, 
an infinite Number of ſmall and round Blad- 
ders, which leave ſmall Interſtices between full 
of ſmall Membranes, like thoſe which bind the 
Lobes together: 'The Extremities of the Bran- 
ches of the Wind-pipe open into the Cavities of 
theſe ſmall Bladders, which are probably formed 
by its Membranes ; but the fine Blood Veſſels 
are only ſpread upon the Bladders like a Net, 
with frequent and large Inoſculations. 

A. What is the Uſe of the Lungs ? | 

B. This is the great Organ of Breathing or Re- 
ſpiration ; as the Air by its Weight forceth into 
every Cavity, ſo as ſoon as the Feetus is born it 
ruſhes into the Cavity of the Lungs, and fillsthe 
little Veſicles, and byextending them compreſſes 
the ſmall Blood Globules in the Veſſels ſpread 
upon them; this Compreſſion is much greateſt 
when the Air is expelled out of the Lungs by 
the Contraction of the Breaſt; and by this Com- 

preſſion, 


/ 
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preſſion, the red Globules of Blood, which 
through their languid Motion in the Veins, were 


rown too big to circulate, are again broken and 
divided in the Serum, and ſo the Blood is anew 


made fit for Nutrition and Secretion. Dr. Keil 


alſo thinks that the Air doth hereby enter and 
mix with the Blood. Dr. Cheyne faith, the elaſ- 
tick Globules of the Blood are hereby formed. 
And others hold other Opinions of the Uſes of 


Reſpiration, But I think it ſtrange that ET. 


muller, amongſt his 14 Uſes thereof, has not 
mentioned the. vital Spirit of the Air, which 
probably is thereby intermixed with the Blood, 


and diffuſed through all the Body, and is therein 


the Principle of animal Life ; ſince it is well 
known Animals cannot live in Air deprived of 
this Spirit. Neither has Mr, Derham hinted wy 
thing concerning it. 

A. Pray what 1 is the Nature and tion 
of the Heart? 

B. The Hears (faith Boerhaave) and its 
Auricles are real Muſcles, and act with a muſ- 
cular Power; for all the Fibres gradually grow- 
ing ſhorter diminiſh the Length of the Heart 
and increaſe its Breadth; they accurately ſtreight- 
en the Cavities of the Ventricles ; dilate the ten- 
dinous Mouths of the Arteries; determine the 
Valves of the Mouths of the Veins for the Stop- 
page of their Contents; and drive, with great 
Force, itscontained Blood into the dilated Mouths 
of Arteries, in order to its Circulation through 
the Body. 

A. Pray what is the principal 5 ervice of the 
Heart to the human Body ? 


B. Thie 
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B. This wonderful Muſcle has two Motions, 
which they call Syſole, and Diaſtole; the Syſtole 
is when the Fibres contract and ſbeighten the 
Cavities; the Diaſtole is when this Muſcle ceaſ- 
eth to.a&t ; its Fibres return to their natural Site 
and Tone, and its Cavities become large and 
wide. Now the Vena Cava returning to the 
Heart, the exhauſted ſuperfluous Blood, with 
the Chyle newly mixed herewith, pours it 
through the right Auricle, whence it is detruded 
into the right Ventricle or Cavity of the Heart; 
by its Syfole it is thence driven into the pulms- 
nary Artery, which conveys it to, and diſtributes 
it through all the Parts of the Lungs; the Blood 
being here by Reſpiration, prepared, reduced, 
mixed and impregnate with the vital Spirit, and 
nutritious Principles of the Air, is remanded back 
again by the pulmonary Lein to the left Auricle ; 
thence into the t Yentricle of the Heart, which 
is then in its Diaſtole; laſtly, in the Sy/tole of this 
Ventricle, the Blood now refected is thruſt into 
the great Artery, called the Aorta, which car- 
ries it again through all the Body: Thus the 
Heart is the inſtrumental Cauſe of the Blood's 
Circulatun. 

A. In the next Place, pleaſe to give me ſome 
Account of the Nature of the Stomach. 

B. The Stomach is compoſed of four Mem- 
branes : The fr/t and 7nmo/t is a large muſcular 
Coat, lying in Plaits, and containing a great 
Number of Glands, thence called the Tunica 
Glanduloſa. The ſecond Coat is much finer and 
thinner ; is altogether nervous, and therefore of 
Equiſite Senſe. The third Tunicle i is made of 

ſtrait 
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ſtrait and circular Fibres ; ſo that by this muſ- 
cular Coat the Ends of the Stomach are drawn 
towards its Middle, and the whole is equallycon- 


tracted. The fourth is the common external 
Cover of the whole Stomach ; it proceeds from 


the Peritoneum. 
A. To what Uſe doth the Stomach ſerve ? 
B. The uſe of the Stomach is Digeſtion; 
which is the Diſſolution or Separation of the Ali- 
ments or Food into ſuch minute Parts as are fit 
to enter our lacteal Veſſels, and circulate with 


the Maſs of Blood: This is principally effected 


by the Saliva or Spittle of the Mouth; the fer- 


menting Juice in the Stomach, ſeparated by its 


aforeſaid Glands; by the Liquors we drink ; and, 
laſtly, by the continual Motion of the Muſcular 
Coats of the Stomach, whoſe abſolute Power is, 
by Pitcairne, demonſtrated to be equal to 117088 
Pound Weight; to which, if the abſolute Force 
of the Diaphragm and Muſcles of the Abdomen 
be added, the ſum will amount to 25034 
Pound Weight; which is above 2238: hundred 
Weight, or near 112 Tun: No wonder then the 
very hardeſt Diet, or Bones themſelves, ſhould 
ſo ſoon be reduced to a liquid Subſtance, we 
call the Chy/e, by ſuch prodigious conſpiring 
Forces 


A. What is the Compoſition of the Liver? 


B. The common Membrane being raiſed, the 
Subſtance of the Liver ſeems to be compoſed 
of ſmall Glands of a conick Figure, and bound to- 
gether by a proper Membrane into ſeveral Heaps 
or Lobes, which, like Bunches of Grapes, hang 
to the Branches of the Veſſels, (via. the Vena 
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Porte, and the Vena Cava) from which each 
{ſmall Gland receives a Twig, and the Lobes are 
tied to one another by fine Membranes, which fill 
up the Spaces between them; and thus the 
parenchymous Subſtance of the Liver is formed. 

A. What is its Uſe? 

B. The Vena Porte brings the Blood to the 
Liver full of Bile, for its Secretion by the Glands 
of the Liver; and the Vena Cava carries back 
the Blood which remains, to the Heart. The 
Bile thus ſtrained from the Blood is, by ſmall 
Veſſels, brought to the Gall-bladder, one Part; 
and the other Part is ſeparated immediately into 
the Duc, called the Porus Bilarius; this Duct 
going out of the Liver, joins the Neck of the 
Gall-bladder at ſome Diſtance, and forms one 
common Duct, called the Choledochus, through 
which both Sorts of Bile mix and paſs to the 
Lower-end of the duodenum Gut, whereinto it 
flows in order to mix with the Chyle : Thus the 
Uſe of the Liver is to ſeparate the Bile from the 
Blood. | 

A.. Pray what is the Nature and make of the 
Spleen ? 

B. The Subſtance of the Spleen (contained 
within two Membranes) is compoſed of an in- 
finity of Membranes, which form little Cells 
and Cavities of different Size and Figure, which 
communicate with one another, and are always 
full of Blood. e 

A. What is the Uſe thereof? 

B. The Ancients knew nothing of its Uſe; nor 
can the Moderns do more than conjecture at it. 
You may ſee Dr. Keill's ingenious Hypotheſis of 

| Its 
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its being Nature's Szore-bouſe, in which ſhe depo- 


ſits the arterial Blood for the Ute of the Liver, 
in his Anatomy; and the learned Diſquiſitions of 


the great Boerhagve on this Subject, in his Iz. 


flitutions, Page 139. 

A. What is that you call the Pancreas ? 

B. It is the ſame as is vulgarly called the 
Sweet-bread ; it is called Pancreas from wav, all, 
and Kpecs, Fleſh 3 as much as to ſay, a Part all 
Fleſh: It is compoſed of an infinite Number of 
little Glands, itſelf being only a large Gland of 
the conglomerate Kind ; whence its Subſtance, 
as we find, is always ſoft and ſupple. 

A. Pray what is its Uſe ? 


B. Toſecern from the Blood brought thither, 


a Liquor called the pancreatic Fuicr, which is 
conveyed by a proper Duct to the duodenum Gut, 
there to dilute the Chy/e. 

A. What is the Subſtance of the Kidneys ? 

B. The Nidneys are likewiſe two large 
Glands, whoſe parenchymous Subſtance is com- 
poſed of an Infinity of very ſmall Glands, every 
where interwoven in the Net- like Inoſculations 
of the fine capillary Branches of their Arteries and 
Veins: From each ſmall Gland proceeds a long 
ſmall Tube; theſe Tubes approaching towards 
the Cavity of the Reins gather together in little 


Bundles, and form the inner Subſtance of each 


Kidney. | | 

A. Is not their Uſe 70 ſeparate the Urine from 
the Blood? . 

B. Ves; the Blood being conveyed to them 
by the emulgent Arteries, hath its ſerous briny 


Part ſtrained off by their little Glands, and then 
18 
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is returnedagain by the emulgent Veins; the Urine 


thus ſeparated, runs down by the Ureters into the 


Bladder. | | 


A. Pray what is the Nature and Texture of 
the Glands? 1 

B. The Moderns have reduced all the Glands 
of the Body to two Sorts, 272. Conglobate Glands, 


and Conglomerate Glands. A Conglobate Gland is 


a little ſmooth Body wrapped up in a fine Skin, 


by which it is ſeparated from all other Parts, 


only admitting an Artery to paſs in, and a Vein 
and excretory Canal, to come out : Of this Na- 
ture and Sort, are the Glands of the Brain, of 


the Lips, and of the Teſticles. A Conglomerate ' 


Gland is compoſed of many little Conglobate 
Glands, Ml tied together, and wrapped up in one 
common Tunicle or Membrane, whoſe various 
excretory Ducts uniting, form one or more 
larger Pipes, or evacuating Veſſels : Of this Sort 
are the Breaſts, the Sweef-bread, the Kidneys, 
&c. _ 

A. Their Ve underſtand is Secretion of Hu- 
mours from the Blood. | | 

B. It is ſo: Thus, the Glands of the Brain 
ſecern the Animal Spirits; thoſe of the Mouth, 
the Saliva, or Spittle ; thoſe of the Breaſts, Mils; 
thoſe of the Reins, Urine ; thoſe of the Liver, 
Bile; thoſe of the Tefzcles, the generative Semen; 
and thoſe of the Skin, the inſenſible Matter of 
Perſpiration, or Sweat. 'The Number of theſe 
ſmall cuticular Glands is ſomewhat wonderful; 
it is ſuppoſed, that one Grain of Sand will cover 
no leſs than 12 5000 of them, if then we reckon 


only 2000 of theſe Grains to an Inch Square, 


and 
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and allow, at a Medium, the Surface of a Man's 


Body to be equal to 14 ſquare Feet; then there v 
will be of thoſe ſmall Glands in the Skin, the ir 
Number 324000000000 ; each of which con- tc 
tains a Pore, or inviſible Sp:racle, through which E 
we conſtantly perſpire *, Yd a 
A. Pray what Quantity of Matter goes off MF Þ 
by this nſen/ible Perſpiration? | 4 


B. Sanctorius tells us, in his Apbori ſins, that | 
by weighing himſelf he has found, 1. That |} 
Man /leeping perſpires twice as much as when 
awake. 2. That a ſound Man in one Night of 
ſeven Hours Sleep, generally perſpires 50 
Ounces, or 3 Pounds Averduporſe, or 4 Pounds 
Troy Weight. 3. That ſcarce half a Pound of 
this perſpires in the firſt 5 Hours. Anfl we can- 
not wonder hereat, ſince it appears there are 
above three hundred thouſand Millions of Pores 
in the Body of a middle-ſized Man; through 
which there muſt of Neceſſity go offa much 


. ET 
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2 

5 | greater Quantity than either by Stool or Urine, fi 
| | or both together, tr 
= A. Well, I am wonderfully pleaſed to know F 
| this ſurpriaing Part of Philoſophy, and do intend 0 
| for the Sake hereof to buy Sanciorius's Book: Cc 
But, to go on, pray what is the Nature and U li 
of the Inteſtines? v 
C( 
15 This is upon Truſt from Mr. Lewenhoek, who certainly was [$1 
very happy at theſe Kinds of Inventions ; for his Eyes, tho old, 0 

and Microſcopes, tho? fingle ones, could in many Caſes diſcover, 
what I never could with young Eyes and the belt double Micro- ve 
ſcopes. I have tried in variety of Subjects to find theſe Pores in i} 
the Cuticle, but in vain. And indeed I very much queſtion whe- E 


ow ever he did actually ſee 1 ſuch thing. 
5 : B 0 The E 
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B. The Inte/tines are a long and large Pipe, 
which, by ſeveral Circumvolutions and Turn- 
ings, reaches from the Pylorus of the Stomach 
to the Anus: They are knit all along to the 
Edge of a Membrane, called the Meſentery, and 
are 6 Times as long as the Body to which they 
pertain: Their Uſe is by a peculiar vermicular 
Motion of their ſpiral-fibred Coats, to convey 
along, and extrude out of the Body, the Fzces, 
or the recrementitious Part of the Food, after 
the Chyle is ſtrained from it. 

A. Pray how many different Organs F Sen- 
ſation are there ? | 

B. Four particular Ones, viz. the Eye, for 
ſeeing ; the Ear, for hearing ; the Noſe, for 
ſmelling ; and the Tongue, tor taſting : And 
there is one general Senſe, vig. of feeling, 
common to all the Parts of the Body. 

A. What is the Structure and Uſe of the Eye? 


B. The Eye is a curious and moſt wonder- 
ful Piece of Nature's Work, admirably con- 
trived with various Coats, Muſcles, Veſſels, and 


Humours of 3 ſeveral Kinds, for the Purpoſe 
of Viſion : The firſt Humour of the Eye is 
called the aqueous Humour, being in all Reſpects 
like Water, but of a ſpirituous Nature; for it 
will not freeze in the greateſt Cold. The ſe- 
cond is called the cry/talline Humour, being 
tranſparent, and more folid than either of the 
other ; its Figure reſembles an optic Lens, con- 
vex on both Sides, and its Uſe in the Eye is 
the ſame, Behind this lies the vitreous or glaſſy 
Humour it is very much like the Vhite of an 
Egg, is in greater Abundance than either of 


the other, it _ the Eye its * Form ; 
X and 
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and is thicker than the aqueous, but thinner 


than the cryſtalline Humour, Next this Hu- 
mour, on the Bottom of the Eye, is ſpread a 


fine curious Membrane, called the Retina, 
through which are expanded the medullary 


Fibres of the optic Nerve, which come from 
the Brain, Now the Rays of Light, which 
come from all Parts of any Object, falling upon 
the agueous Humour of the Eye, are through it 


refracted to the cryſtalline Humour, by which 


as a double convex Lens (kept always at a pro- 
per Diſtance by the glaſſy Humour) they are all 
converged and united on the Retina; the Im- 
preſſion thereof, being communicated to the 
common Senſory of the Brain by the optic 
Nerves, doth there preſent to the Mind the 
Speczes and Image of the Object; and thus is 
Vaſion performed by Means of the Eye. 

A. Pray how 1s the Senſe of Hearing per- 
formed by the Ear? 

B. I have already told you, that Sounds are 
brought to the Ear from the ſonorous Body by 
Means of the Air; and the external Part of the 


Ear is ſo contrived by its Ridges and Flollow, 


that Sounds, being gathered into the Ear as 
into a Tunnel, are thereby directed to the 
Meatus Auditorius, through which they pals 
and ſtrike upon a thin tranſparent Membrane 


of an oval Figure, ſet a little obliquely acroſs 


the Paſſage of the Ear; behind this Membrane 
there 1s a pretty large Cavity, which, with the 
ſaid Membrane, from its Reſemblance, is called 
the Tympanum, or Drum of the Ear : In this 
Cavity are four ſmall Bones, which from their 


Form are called Malleolus, or the Hammer; 


the 
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the Incus, or the Anvil; the Stapes, or Stir- 
rup x and the Os Orbiculare, or circular Bone. 
Within the Tympanum there are ſeveral other 


Cavities, as the Veſtibulum, the Labyrinth, and 
the Cochlea ; theſe internal Cavities are always 


full of Air; wherefore the Sounds in the ex- 


ternal Air ſtriking on the Drum, move the four 


little Bones in the Tympanum, and theſe in like 


Manner move the internal Air, which maketh 
an Impreſſion on the fine Branches of the au- 
ditory Nerve ſpread thro' the Veſtibulum, the 
winding Tubes of the Labyrinth, and Cochlea ; 
and thus all Refractions and Modulations of 
the external Air become perceptible, and con- 
ſequently all the different Sounds they convey 
become audible, and intelligible to the Mind, 
by the Communication of theſe Nerves with 
the Brain, or common Senſory. 

A. Pray how is the Senſe of Smelling ef- 


fected in the Noſe ? 


B. The Cavity of the Noe is divided into 


two Parts, we call the Noſtrile, by a Partition, 
of which the upper Part is bony, and the lower 


cartilaginous : The upper Part of the Cavity is 


covered with a thick glandulous Membrane, 
above which, the olfaffory Nerve is finely 
branched out and ſpread over the Membrane 
of the ſpongy Bones of the Noſe, and the other 


finuous Cavities of the Ne/trils : Whence the | 
Exhalations of Odours entering the Noftrils 


make their Impreſſions on the Fibres of the 
Nerves, which, by their Communication with 
the Brain, excite in the Mind the Snell or Sen- 


ation of Odours of every Kind. 


. | 4 And 
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A. And thus, I ſuppoſe, you account for the 


Senſe of Taſte in the 7 ongue. 
B. The Tongue is covered with two Mem- 


branes ; the external is thick and rugged, eſpe- | 


cially in Beaſts ; the internal Membrane is thin 
and ſoft ; upon it appear feveral Papillæ, or 
fmall Rifings, like the Tops of the ſmall Horns 
of Snails ; theſe Papillæ are made of the Ex- 
tremities of the Nerves of the Tongue, and, 

piercing the external Membrane, are conſtant- 
ly affected by thoſe Qualities in Bodies, which 
are their Taſtes excited in the Mind by means 
of theſe nervous Papillæ; and thus are theſe 
Papillz the immediate Organ of Taſting. 


A. Pray how 1s the ene Senſe of Feeling 


performed 7 
B. Of this a general Account muſt ſerve: I 
have already told you that from the Brain and 


ſpinal Marrow there iſſue out divers Pairs of 


Nerves, which are ramified and diſperſed thro” 
all Parts of the Body; and conſequently no- 
Impreſſion on any Point, either on the Super- 
ficies, or internal Compages of the Body, can 
be any way made, but it muſt immediately 
affect either the Extremity, or ſome Part of a 
Nerve, and is therefore immediately commu- 
nicated to the Brain by the animal Spirits; and 
thus the Mind becomes conſcious of every 


Motion, Affection, or Accident of the Body; 


and this we call the Senſation of Feeling. 

A. Having thus obliged me with an Ac- 
count of the ſo/id Parts, and of the Organs and 
Manner of Senſation, I beg you would now 
4 to deſcribe the Fluids of the human 


Body; 
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Body ; and firſt, pray, what do you call the 
Chyle ? | OR 
B. The Chyte is a milk-like liquid Subſtance, 
into which the Food is converted by the Con- 
cottion and Digeſtion of the Stomach, as before 
J told you; 98 Chyle paſſing by the Pylorus out 
of the Stomach into the firſt of the Inteſtines, 
called the Duodenum, in it, and in the next, 
called the Fejunum, it mixeth with the Bile 
and pancreatic Juice; by which Means the 
Chyle undergoes a farther Preparation; the 


more alimentary Part being hereby refined and 


ſeparated, is received into the numerous Orifices 
of the firſt lacteal Yerns, opening into the ſaid 
Inteſtines; by theſe it is conveyed to, and 


ſtrained through the Glands of the Meſentery; 


whence it 1s received by a ſecond Sort of lacteal 
Veins, and carried to the Baſon, called the re- 
ceptaculum Chyli ; where being duly impreg- 
nated with the Lymph, from the Tymplæ ducls 
there poured into it, it is thence carried up- 

ward by the thoracic Duct, and emptied into 
the left ſubclavian Vein, where it is mixed with 
the refluent venal Blood, deſcends into the 
right Ventricle of the Heart, 1s thence circu- 
lated through the Lungs into the left Ventricle, 


and from thence through all the Parts of the 


Body: And this is the animal Oeconomy, or or- 
dinary Method by which the Blood 7s renewed, 
and Life continued. ; 

A. Pray what is the Blood? 

B. The Blood is a vital Stream proceeding from 
the Fountain of the Heart, and circulating con- 
ſtantly through the whole Body by the Canals 
of che Arteries and Veins. If it be viewed 

| A 3 with 
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with a Microſcope, it appears to conſiſt of ſmall 


red Globules ſwimming in a thin tranſparent 
Serum, and that each Globule is made up of ſix 


leſſer ones, which, reſolved, take upon them 
the Nature of the Serum, whoſe Colours are va- 
rious. Dr. Boerhaave ſays, that the Mixture, 
Huidity, Heat, and Reqdneſs of the Blood is ow- 
ing to, and preſerved by the circulatory Mo- 
tion thereof. 

A. Pray what is the Rate of the Blood 
Motion through the Body ? 

B. Each Ventricle of the Heart will contain 
about an Ounce of Blood; the Heart contracts 
about 4000 Times in an Hour; hence there paſ- 
ſeth through the Heart every Hour 4000 
Ounces of Blood, which is 2 50 J. Weight: 
Now an Ounce of Blood is equal in Bulk to 
to 179 Inches; and if we ſuppoſe the Heart 
contracts 80 Times in a Minute, then 80 Ounces 
of Blood will be equal to 1325 Inches, which 
paſſeth the Heart in one Minute. Now Dr. 
Keill found the Diameter of the Aorta to be 
0.73 Parts of an Inch, and thence its Orifice 
0.4187; by which divide 1 32, and the Quo- 
tient will be the Length of the Cylinder, or 
Space through which the Blood will move ina 
Minute, viz. 43 16 Inches, or 26 Feet. But, be- 


cauſe of the Diaftole of the Heart which takes 


up half the Time of a Pulſation, there goes 
out of the Heart 80 Ounces in: a Minute; 
whence the Blood's Velocity will be double, or 
it moves at the Rate of 52 Feet in a Minute. 
A. Is the Velocity through the Trunk the 
ſame as through all the Branches taken toge- 


ther? 
B. No; 
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B. No; for the fame ingenious Anatomiſt 
found the exact Proportion of the Branches to 
the Trunk of the Artery to be as 12387 to 
10000, and conſequently the greateſt Velocity 
of the Blood will be to the leaſt, as 5233 tO 1; 
or the Blood moves 5233 Times flower in ſome 
capillary Arteries, than it does in the Aorta. 
The Blood is received from the Arteries into 
the Veins, where it ſtill moves ſlower as it ap- 
proaches the Heart. Now the Arteries are to 
the Veins, as 324 to 441; and therefore the 
Blood moves in the Veins above 71 16 Times 
ſlower than in the Aorta. 

A. What Quantity of Blood do yau find to 
be in the human Body? | 

B. You aſk a Queſtion very difficult to be 
anſwered : At preſent I cannot find any Perſon 
can certainly tell; Authors determine from 10 
to 25 66. and Dr. Keill reckons the whole Body 
conſiſts of near 5 Fluids, the greateſt Part of 
which is Blood. 

A. What do the Chemiſts find the Blood to 
conſiſt of? 

B. Of much volatile Salt, and Spirits: ſome 
Phlegm and Sulphur ; a little Earth; and but 
little or no fixed Salis: Alcahes diſſolve in i-, 
and Acids coagulate it. 

A. How are the other Fluids of the Body pro- 
duced ? 

B. They are all ſeparated from the Blood in 
ſome Part of the Body or other by the Glands. 
Thus the Saliva or Sp:ttle is ſecerned by paro- 
dital Glands behind the Ears, and maxillary 
98 of the Mouth; the Bile is ſeparated by 
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the Liver; the Milk is ſtrained off from the 


Blood by the Glands of the Breaſts; the Lymph 
is a fermenting Liquid fecerned by the ſmall 


conglobate Glands in ſeveral Parts; the Semen . 


is ſecreted from the Blood by the Teſticles, 
brought thither through various Circumvolu- 
tions and Contortions of the fpermatic Arte- 
ries; the Pancreas, or Sweet-bread, allo ſepa- 


rates a ſweet lympid Liquor or Jaice, to dilute 


and refine the Chyle ; the Urine is ſecerned by 
the Reins; it contains volatile Salt, Spirit, an 
oily Sulphur, Phlegm, and Earth ; from Urine 
fermented is diſtilled that luminous Matter 
called Phoſphorus, which is either ſolid or li- 
quid. Phlegm is a mucous Matter, ſeparated 
by the Glands of the Mouth, Noſe, Ge. Serum 
is the aqueous Part of the Blood, which is not 
diſcerned from the Blood itſelf in the Body; 
but taken out, it ſeparates from the coagulated 
Blood, by the Action of the Cold; the aqueous 
Humour of the Eye, ſecerned from the arterial 
Blood in the Veſſels of the Eye; the cry/falline 
and vitreous Humours are improperly ſo called, 
they conſiſting of an infinite Number of ſmall 
Veſſels filled with circulating Fluzds. | 

A. Sir, lam greatly obliged to you for tak- 
ing ſo much Pains for my Information, yet, as 
you ſeem to do it with a great deal of Pleaſure, 
T ſhall be bold to aſk a few Queſtions more; 
and, Pray, what do you 15 of the Nature of 
Hair ? 

B. When we examine the 7: with a Mi- 
croſcope (faith Dr. Keill) we find they have each 


A a round bulbous Root lying pretty deep in the 
Skin, 


* 
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Skin, and which draw their Nouriſhment from 


the ſurrounding Humours; that each Hair 
conſiſts of 5 or 6 others wrapped up in a com- 
mon Tegument or Tube: They grow as the 


Nails do, each Part near the Root thruſting for- 
wards that which is immediately above it; and 
not by any Liquor running along the Hair, in 
'Tubes, as Plants grow. Their different Colours 
depend on the different Quality and Tempera- 
ment of the Humours producing them ; they 
ſerve for the Covering and Ornament of the 
Body. Mr. Derham gives us the Repreſenta- 
tion of two Hairs of a Mouſe (the moſt tranſ- 
parent of any) the one in Fig. L. on Plate XV. 
fronting p. 307, where @ is its Appearance 
through a ſmall Magnifier ; and A as it appears 
through a large one. Fig. LI. on the ſame 
Plate, c and D are the ſame. Views of another 


Hair, to ſhew the different internal Make of 


the Hair of the ſame Animal *. 
A. Pray what are the Nails? 


B. Our Nails are of the fame Nature as the 


Hoofs of Beaſts ; and are nothing but the Covers 
or Sheaths of Papillæ Pyramzdales of the Skin 
on the Extremities of the Fingers and Toes, 
which dry, harden, and he cloſe upon one ano- 


ther. 


A. Vou have been long telling what thoſe 
Parts are of which our Bodies conſiſt; but, 


*I never could find, by viewing of tranſparent Hairs, that 
they afforded any other Appearance than that of clear, long, 
round, or cylindrical Tubes; the Hollowneſs of the larger ones 
being very viſible, but of the ſmaller ones not diſcernible; and 
their Texture or Subſtance has always appear'd to me to be ſim- 
ple or uncompounded. So that the Reader is to bcFeve or re- 


Jeck what Dr. Keill and Mr, Derham have aſſerted, as he may 


think reaſonable. 
Pray, 
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pray, how are our Bodies at firſt generated or | 
formed in the Vomb? This you have not yet. of 


told me. 

B. The Learned of late have found by their MF ... 
Microſcopes, that not only Man, but all Ani- ue 
mals, do really exiſt (in their proper Form tan 
compleat in all their Parts) in the Seed of the ” 
Male Animal, before Generation, in a ſmall in- ea 
viſible State, called Miniature. It is amazing . 
to ſee the prodigious Number of little Creatures, 

like ſo many Tadpoles, ſwimming every Way in 5 
the Male Sperm of all Animals. Thoſe Ani- F. 
mals are ſo ſmall, that 3000000000, 1. e. three D 
thouſand Millions of them are not equal to a of 
Grain of Sand, whoſe Diameter is but the Ki 
Iooth Part of an Inch. The Animalcule that 3 
has the good Luck to get ſafe into the Womb, B. 
through the Fallapian Tubes in a Kind of Egg, „ 
is there foſtered a while Tome how, till, at pe 
length, the Placenta appears like a little Cloud MF ®% 
on one Side of the external Coat of the Egg; a 
and at the ſame Time the Spine of the Embryo h: 
is grown fo big as to be viſible, and a little after, WY *© 
the Brain and Cerebellum appear like two ſmall F 
Bladders, and the Eyes next ſtand goggling out | 0 
of the Head; then the Beating of the Heart, or ( 
Punctum Salieus, is plainly to be ſeen, and the - 
Extremities of the Body diſcover themſelves laſt 2 
of all; ſo far Dr. Keill: And this is the pre- 
ſent Theory of Generation ; and very much alike 1 
in Plants and Animals &. | 8 
| . A.Pr we .- b 
The Affair of Inpregnation and Generation, even after all the t 
late Diſcoveries, remains ſo very perplex'd, obſcure, and doubtful, ; 


that nothing of Certainty can yet be determined about it. Some 
aflerting the liitle Animal to be originally in the Female's Egg; , 
Qthers deny that, and affirm they have no Being there till the Egg 

| 18 
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A. Pray what do you obſerve in particular 
of the Nature of Beats? 


B. The 


is fecundated by the Semen Maſculinum in Coitu. See the Con- 
troverſy in Mr. Bradley's Phil. Account of the Works of Na- 
ture, Chap. g. Miſcellanea Curieſa, Vol. I. Page 142. by Mr. 
Garden. | | 

Mr. Ray, in his Synopſis of Animals, diſtinguiſhes Quadru- 
feds into two Kinds, wiz. (I.) The ungulated or hoofed Bealts 
with four Feet; and (2.) The anguiculated, digitated, or clawed 
four-footed Animals. 

2. The Hoofed Quadrupeds are either (i.) Solidipeds or Whole- 
hoofed ; as the Horſe, Aſs, Mule, Sc. Of this Tribe none bears 
Horns, ( 2.) Bifulcated or Cloven fotted : Of theſe, ſome are 
Ruminant, or chew the Cud; as the Ox, the Shecp, the Goat, the 
Deer Kind. Of theſe the three former bear ho//aw and perpe- 
tual Horns; the latter, c/oſe and deciduous Horns. Again, ſome 
of the Clowen-footed do not chew the Cud, as the Hog and Swine 
Kind, (3.) Quadrupeds which have their Hoof cloven into 
four Diviſions, and ſeem not to be Ruminant ; as the Rhinoceros, 
the Hippapotamus, or River- Horſe ; the Tapijerate, and Capy- 
Bara of Braſil, &c. | 

3. Of the ſecond or anguiculate Kind of Quadrupeds, the Ele- 
phant is ſomewhat fingular ; his Claws adhere to each other, 
and are all cover'd with one common Skin, having only their 
obtuſe Nails ſticking out round the Margin of the Foot. 

4. The Camel and Dromedary have only two Claws ; and, 
tho' they have no Horns, they ruminate or chew the Cud, and 
have the four Stomachs of horned ruminant Animals. Of theſe 
ſome have one Bunch on the Back, and another fort have two. 

5. The Anthropomorpha, or thoſe Quadrupeds, which have the 
Foot divided into many Claaus, with broad Nails on them, like 
the Fingers and 'Toes of Men, make the third Species of this 
unguiculate Kind. As Apes, which have no Tails, and Money: 
which have Tails, and they of a large Size called Baboons. lo 
this Tribe alſo belong the Ozrang- Outang, or the Wild Man; the 
Cagui and Cay of Braſil, and the Cercopitheci, or Monkeys of 


ſeveral Countries. | 


6. A fourth Species of this Kind is when the Claws are many, 
and have crooked and ſharp-pointed Nails, like the Talons of 
Birds of Prey; and they are of the Cat, the Dog, the Vermin, 
and the Hare Kind. = 

7. Of the Cat Kind of Quadrupeds, are reckoned the Lion, 
the Tiger, the Pardalis (whoſe Male is Pardaus, Female Panther) 
the Leopard; the Lynx ; the Cat-a-Mountain, the Bear, and the 
common Cat. | 5 5 

8. Of the Dog- Kind they account the common Dep, the Noll, 
the Fox, the Fackall, the Civet- Cat, as tis erroneouſly — : the 

| Rackoon, 
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B. The Nature of Beafts, or Quadrupedi, is, 
with Reſpect to the ſenſitive Life, or animal Oe- 
conomy, the ſame with that of Man already de- 


ſcribed: What I ſhall here take Notice of then, 


ſhall be thoſe Particulars wherein the Brute dif- 
fers from a Man, and is what he is; the Chief 
of which are the following, 1. Their external 


Formand Shape, which is almoſt infinite; and is 


Rackoon, or Rattoon ; the Badger, the Otter, the Sca- Calf or Seal; 
the Sea- Horſe, the Sea-Cow, and ſome other outlandiſh Animals, 
9. Of the Yermin Kind are the Weaſel; the Ermine or Stoat, 
if white; the vid Stoat or Ferret; the Pole Cat; the Marten 


or Martlet ; the Sable; the Genetta; the Ichneumon Bellonii; 


the Indian Mungo, and Quirpele, &c. 


10. Of the Hare Kind are the Hare; the Rabbit or Coney; 


the Porcupine; the Bewer; the Squirrel; the Rat; the Mouſe; 
the Dormouſe; the Guinca- Pig; the Tepeta, Aperca, Agati, and 
Paca, of Brafil; and the Conies and Mice of various foreign 
Countries | Fe 

11. To theſe Kinds of Quadrupeds may be added ſome others 
more anomalous, as FYiviparous four-footed Animal, having a 
longiſh Snout, and their Feet divided into many Cluaus or Toes, and 
hawing Teeth: As the Urchin or Hedge Hog ; the ſeveral ſorts of 
Tatons or Armadillo's ; the Mole; the Shrew- Mouſe ; the white 
Indian Erinaceus, &c. | 

12. Others, «hich have a long iſb Snout, their Feet divided into 
many Claws, but have no Teeth : As the great and leſſer Ant- 
Bear; the Tamandua-guacu of Brafil, &c. 

13. Fling Duadrupeds, with a ſhorter Snout, and their Feet 
divided as before; as all of the Bat - Kind or Flatter-Mice; of 
which there are ſeveral Sizes, and different Forms, 

14. Viviparous and ſanguinecus Quadrupeds, breathing with 
Lungs, and have only one Ventricle in the Heart; as the Frog; 
the Toad; the Tortoiſe ; of theſe there are many different Species 
both of Land and Water ones in foreign Parts. 


15 . Owiparous Zuadrupeds with a long Tail ſtretched out ho- 


rizontally ; as all of the Lizard Kind; the Crocodile; the com- 
mon Eft or Newt ; the Seps, a ſort of footed Serpent; the Sala- 


mander ; the Chamelion; a flying Lizard; with various other 


Kinds. 

Conſult Mr. Ray's Synopſis Animalium. Jobnſtoni Hiſtoria 
Naturalis. Borelli de Motu Animalium. Willis de Anima Bru- 
forum. Ariflotle and Ælian among the Ancients ; as alſo Pliny's 
Natural Hiſtory of the World, 

| that 


oo 
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that which chiefly diſtinguiſhes the various Spe- 
cies of Brutes. 2. Their Size, of which there 
are numerous Degrees; the greateſt of all are 
the E/-phant and Rhinoceros. 3. Their prone Pof- 
ture, neceſſary to their Way of Living. 4. Their 
Motion, or Gait, which is on four Legs, and are 
therefore called Quadrupedes. 5. The ſpecial 
Contrivance and Form of their Heads, which 
is infinitely various. 6. They are ſome of them 
endued with Horns of various Figures and Sizes. 
7. They have a ſpecial Form and Structure of 
their Ears externally, 8. The Make of the 
Eye is very different in different Species of Ani- 
mals. 9. The Neck is adapted to the Length 
of their Legs, . only in the Elephant, 
which - bath his Proboſcis or Trunk to ſupply 
that Defect. 10. The Form of their Legs is 
peculiar, yet different in divers Species; whence 
the ſlow Motion of ſome, and wonderful Agi- 
lity and Swiftneſs in others. 11. They are all 
. with Tails of different Length, Size, 
Sc. whoſe Uſe is to defend themſelves from 
the Moleſtation of Flies, &c. 12. Their Bodies 
are clothed with various Teguments of Hair, 
Wool, Spines, Down, Sc. ſuitable to their par- 
ticular Occaſions of Life. 1 3. Their Feet are, 
ſome cloven into Hoofs, others divided into 
Claws, with Variety of different * to an- 
ſwer their various Purpoſes of Life. 14. Their 
Noftrils are ſomewhat differently fad from 
ours, and from one another, 15, Their Brain 
is conſiderably leſs in Proportion to their Bo- 
dies, than Man's. 16. They have ſome of them 
a peculiar Membrane, called the nictitating 


Membrane of the Eye, by which the Eye, fre- 
- -quently 
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quently winking and contracting the Pupil, is 


preſerved from the Annoyance of the Graſs, 


Stubble, &c. in gathering their Meat. 17. They 
are provided with a ſtrong, tendinous, and in- 
ſenſible Ligament, braced from the Head to the 
Middle of the Back, called the white Leather, 
- which ſuſpends the weighty Head without Pain, 
in Grazing, &c. 18. The Stomachs of Brutes 
are different from ours, and from each other's, 
both in Si⁊e and Number for ſome have ſmall, 
others /arge SfOMachs 3 in ſome, one only ; in 
others, Zo or more; thus the Dromedary hath 
four Stomachs. 19. Some have the wonderful 
Faculty of Rumination, or Chewing the Cd; 
for the compleat Maſtication of the Food at 
the reſting, leiſure Times of the Animal. 20. 
The Hearts of Animals are of ſpecial Struc- 
nb in ſome it hath but one Ventricle, as Frogs; 
thers two; and in ſome three Ventricles, as 
Sea-Calf. &c. 21, Some Animals live 
_ on Land; others, called Amphibious, live 
both on Land and in the Water. 22. The 
Food of Brutes is very various, ſome feeding on 
Fleſh, called Carnivorons ; others on Graſs, 
called Graminivorous; ſome on Grain and 
Seeds, called Granivorous, &c. Beſides innu- 
merable other Differences that might be 
named, of leſs Note, between a Man and a 
Brute. 
A. Pleaſe now to oblige me with a ſhort Ac- 
count of the Nature of Birds or Fowl x. 


B. The 


* Bir are either Land Fowl, or Water Fowl: Of Land 
Foul, ſome have crooked Beaks and Talons; of theſe ſome are 
carnivorous and rapacicus, being call'd Birds of Prey; ſome 
frugivoro:'s, or which feed on Corn, and are call'd by the gene- 
ral Name of Parrots. 


2. Of 


The Nature of Fowls. "IIS 


B. The Philoſophy of Fowl, or the feathered 


Tribe, is really wonderful, as will appear from 
"2197 a ſhort 


2. Of Birds off Prey, ſome are diurnal, prey ing in the Day - 


time; and of theſe they reckon a greater and a leſſer Sort: The 
greater are either of a more bold and generous Nature, as the 


Eogle- Kind; or of a more cowardly and ſluggiſh, as the Vulture. 
3. The leſſer diurnal Birds of Prey, are the Accipitres, or of 
the Hawk-kind, And theſe are of a more bold and generous 
Nature, and are wont to be reclaimed and managed for Fowling, 
and are called Hawks : Theſe the Falconers diſtinguiſh into Long- 
winged, as the Falcon, Lanner, &c. and Short-winged, as the 
Gohhawk and Sparrow- Hawk, . 
4. Thoſe of the Hawk-kind which are of a Nature more 
cowardly and ſluggiſh, or elſe indocile, are neglected by the Fal. 


coners, and ſo live at large. And of theſe there is alfo a greater. 


ſort, as the Buzzard-kind ; and a leſſer, as the Butcher- Bird, or 
Shrike (about as big as a Black-bird) and the Bird of Paradiſe, 
which 1s exotic. 

5. Of Birds of Prey with crooked Beaks and Talons, ſome 
are nocturnal, or which fly and prey by Night, as the Ow!- 
kind. And theſe are either horned or eared, as the Eaugl/e-Orv/, 
the Horn Oæul, &c. or without Horns, as the Broaun. Oaæul, the 
Grey-Orvl, &c. | 

6. There is a ſort of Land- Birds, which feed on both Fl:/ and 
Fruits, and are diſtinguiſhed into three Sorts, according to their 
Bigneſs ; the greateſt Size being call'd Matcawvs; the middle- 
ſized and moſt common Parrots and Popinjays ; and the leaſt 
fort Parrakeets: and all this Kind make uſe of their Beak in 
climbing, and move the upper Jaw. ig 

7. Land-Birds that have their Bill and Claws more trait, are 
alſo divided into three Sizes. 'The greateſt ſort are ſuch as by 
Reaſon of the Bulk of their Bodies, and the Smallneſs of their 
Wings, cannot fly at all; theſe are exotic Birds of a fingular Na- 
ture, as the Oftrich, the Cafſoware, the Dodo, &c. 


8. The middle-ſized Kind are divided by their Bills into ſuch 


as have large, thick, ſtrong, and long ones; ſome whereof feed 
promiſcuouſly on Fleſb, Inſects, and Plants; as the Crow-kind, 
which are wholly black; and the Pye-kind which are party- 
coloured: Some feed on Fleſb only, as the King's Fiſher ; and 
ſome on Inſects only, as the Wood pecker. And into ſuch as 
have a ſmaller and ſhorter Bill, whoſe Fleſh is either uh:ze, as the 
Poultry- kind; or blackiſh, as the Pigcon and Thruſh Kind. 

9. The leaſt fized Kind of Land- Birds, with ſtrait Bills and 
Claws, are called Small Birds; and theſe are of two Kinds, viz. 
Joft-beaked, which have ſlender, ſtrait, and pretty longiſh Bills, 
moſt of them, and feed chiefly on Inſects; or hard-beaked, which 
kave thick and hard Bills, and feed moſtly on Seeds. 


10. Water- 
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a a ſhort Survey thereof: For, 1. With Reſpe to 
their Generation, they are produced from Eggs, 
and are therefore called oiparous Animals, 2. 
Their Motion is two-fold, viz. flying and walk- 
ing : Andre thereby rendered, 3: The Inhabi- 
tants bothof the Land and Air: For which Pur- 
poſe, 4. They are wondrouſly contrived with a 


10. Water Fowl are ſuch as frequent Water andwatry Places 
to ſeek their Food: and theſe are all cloven-footed, and generally 
have long Legs, naked above their Knees, that they may the 
more conveniently wade in Waters. Of theſe they reckon two 
ſorts, wiz. A Greater, as the Crane, Fabiru, &c. and a /efer, 
which are either P:/c;vorous, feeding on Fiſh, as the Heron, 
Spoorbill, Stork, &c. or Mudſuckers aud Inſetivorous, of which 
fome have very long and crooked Bills; as the Curlew and Wim- 
brell; and others long and ſtrait, as the Yoogcock and God. 
it. ee 

11. Others have middle-fized Bills, as the Sea-pye and Red. 
foank; and a third ſort have ſhort Bills, as the Lapwing and 
Plauer. Thoſe are reckoned Hort Bills which exceed not an 
Inch and half; the middle-fized Bills are betwixt that and two 
Inches and half, and lang Bills are all above two Inches and 
half. 

12. Another Kind of Vater Fowl ſwims in Water; ſome of 
which, as the Mereben and Coot, are clowen-foated, and moſt are 
whole footed. And of theſe ſome few have very long Legs, as 
the Flammant, the Awoſetta, and Corrisa: but moſtly they are 
ſhort-legg'd ; of which ſome few have but three Toes on a Foot, 
as the Penguin, Raſortill, & c. but generally they have four Toes 
on a Foot; and theſe either all connected together by intervening 
Membranes, as in the Pelican, Solan- Gogſe, &c. or more uſually 
with the back Toe looſe. | 

13. And this Kind are either narrow-b:/Pd, or Broad. bill'd; 
thoſe with narrow Bills have them either blunt or hooked at the 
Top, of which ſort ſome are /zrrate as in the Diver Kind; 
and ſome not ſerrate or toothed, as in the Puffin : or ſharp-point- 
ed or {traiter, of which ſort ſome have long Wings, as the Gl 
Kind ; and ſome ſhorter, as the Diving Birds, called Douckers. 

14. Thoſe with broad Bills may be divided into the Goo/c 
Kind, which are larger; and the Duc“ Kind, which are ſmaller ; 
and theſe latter into Sea Ducks, and Rewer or Pond Ducks, 

15. Moſt Water- Foxw/s have a ſhort Tail; and none of this 
Kind have their Feet diſpoſed like Parrots and Woodpeckers that 
have two Toes forward, and tao Toes backward, none having 
more than one back Toe, and ſome none at all. 

Pair 


The Nature of Fouls. 337 
Pair of Wingsto buoy themſelves upin the fluid 
elaſtic Sphere of Air, and whereby they keep 
their Bodies on a due Balance and Equipoiſe in 
their Motion, 5. The Tazls of Birds are given 
them to ſteer their Courſe, keep them ſteady in 
Flight, and to aſſiſt them in their Deſcents and 
Aſcents into the Air. 6. The Plumage of Birds 
is a wonderful Thing, their Feathers cloathand 
beautify them ; a Feather 1s a curious Produc- 
tion in every Part, the Quill, the Rib, and the 
Janes, being thoroughly underſtood: The Pith 
in the Rib appears through a Microſcope (on the 
_ tranſverſe Section a) as is repreſented. in A, 
Fig. LII, on Plate XXV, fronting p. 307. And 
a Vane of a Feather (as b) appears like another 
| Feather when magnified, as in B, Fg. LIII. on 
the ſame Plate, where you obſerve the net· like 
Texture of its membranous Part, and Cis the 
little End magnified. 7. The Feet of Fowl are 
very particular, being ſpread ſome with Mem- 
branes for ſwimming, as Ducks, Geeſe, &c. ſome 
without for ſteady walking, perching, holding 
their Prey, Sc. 8. The terrible ſharp-pointed 
Talons in Birds of Prey are very remarkable, as 
thoſe of the Eagle, Vulture, &c. g. The Heads of 
Birds are admirably ſuited for making Way 
through the Air, being very near the Figure of 
Sir Jaac Newton's Solid of leait Reſiſtance. 
10. The Beak, or Bill, is a ſtrange Piece of 
Art, their very Taw-bones, as it were, growing 
out of their Head and meeting in aPoint, Won- 
derfully adapted to pierce the Air, gather F ood, 

and penetrate Wood, Earth, &c. for Prey. 11. 
The Ears ſtand not out from the Head to 
hinder Flight. And, 12. The commodious Si- 
-— tuation 
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tuation of the Eyes of Birds is ſurprizing ; for 


Sch of their Eyes takes in very near an Hemi- 


ſphere,andconſcquently with both Eyes they can 
ſee nearly all around them at once, and ſo the 
better ſeek their Food and eſcape Dangers. 13. 
The wonderful Structure of the Body of Fowls, 
in the Form of a Ship, the Brea/i-bone ſerving 
as a Keel, and their Tails as Rudders, to govern 
them in their aerial Voyages, deſerve our Atten- 
tion and Admiration. 14. The internal Make 
of their Bodies, and the ſeveral Parts, as the La- 
rynx, the Tongue, the inner Ear, the various 
Muſcles, their Lungs, the Poſture of the Heart, 
&c. are different for the moſt Part from other 
Animals. 15. The Migration of Birds is an 
Inſtance of great Amazement: The Stork in 
the Heaven knoweth n'1yw2 ber appointed Times, 
and the Turtle, and the Crane, and the Swal- 
low, obſerve the Time of their Coming, faith God 


himſelf, Jer. viii. 7. What ſtrange Inſtinct ſhould. 


induce them to change their Place? What 
ſhould direct ſome to warmer Climes ? others to 


colder Climes? Yea, what ſhould incline Swal- 


lows, for Inſtance, to take up their Winter 
Quarters in theWater, under the Ice, in Lumps 
and Cluſters, in the frozen northern Seas? as 


tis well known they do *. 16. The Incubation 


* Since not only Olaus Magus reports this in his Brexiar. Hiſt, 
&. tient. I ib XIX. Cap. ui. but alſo Ermuler affirms he has found 
Swallows in this Condition among the Reeds of a Fi Pond ; and 
the Rey. Mr. Derbam ſays, that at a Meeting of the Royal Soci- 
ety F.b. 12. 1711-12, Dr. Colas declared he ſaw 16 Swallous ſo 
drawn out of the Lake of Samd ot, and about zo out of the King's 
great Pond in Roſucilin; and that at Schlebitten near an Houſe of 
the E. of Dohna, he ſaw two Swallows juſt come out of the Wa- 
ters, that could ſcarce ſtand, being very wet and weak, with their 
Wings hanging on the Ground; and that he hath obſerved the 
Swallows to be often weak for ſome Days after their Appearance. 
rel Took VII. Chap. 3. Note 74). | 
of 
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of Fowls is worth our Notice : How (ſays the 
great Naturaliſt the Rev. Mr. Derham) ſhould 
they be aware that their Eggs contain their 
Young ? or,. that their Production 1s in their 
Power? 17. Their Nidiſication ought to hum- 
ble the Pride of Man ; with what inimitable 
Art, Neatneſs, and Propriety, do they contrive 
and build their Ne efts? 18. The Egg itſelf is a 
ſtupendous Contrivance of infinite Wiſdom ! 
Moſt Animals are produced from Eggs within, 
but Fowl exclude their Eggs, which therefore 


are made with hard cruſty Shells to preſerve 


the included Embryo from Accidents, and to 
contain ſuitable Nouriſhment for it ; Chickens 
are nouriſhed by the White alone till grown 
great, and then feed on the ſtronger Diet of the 
Yolk. 19. Though all Fowl are hatched from 
Eggs ; yet 'tis not always by the Incubation or 
Brooding of the parent Fowl, but by ſome 
other Heat or Warmth ſometimes : Thus, 


Job xxxix. (the Oſtrich) leaveth her Eggs in the . 


Earth, and warmeth them in the Duſt ; and at 
this Time they hatch Chickens in Ovens at 
Grand Cairo in Egypt; each Oven containing 
80000 Eggs. 20. Some Birds feed on Grain, 
and are called Granworous; and Birds of Prey 
are called Carnivorous, becauſe they feed on 
Fleſh. Theſe are a few of the many wonder- 
ful Properties of the Nature of Birds. 


A. Indeed, Sir, it affords me unſpe cakabile: 


Pleaſure to hear you recount the Particulars 
of the wonderful Nature of different Animals; 
and, pray, go on if you 53 in the next 


Place, with the Nature of Fiſhes F. B. The 


® Ariſtotle divides Fiſhes into three Kinds, wx, Cretaceous, Car- 
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B. The remarkable Particulars in the Survey 


of the Nature of Fiſhes, which I ſhall juſt ob- 


ſerve 


tilaginous, and Spinous ; and to this Diviſion Mr. F:lloughty 
conſents, as better than that of Rondeletivs, who diſtinguiſhes 
Fiſhes into Sea Fiſb, River Fiſh, Pond or Lake- Fiſh. 

2. The Ceraceous Kind, ſometimes called the Bellæ Marine, 
have Lungs, and breathe like Quadrugeds; they copulate alſo like 
them, conceive and bring ſorth their Young alive, and ſuckle 
them with their Milk. | 

3. The Cartilaginous Sort are produced from large Eggs like 
Birds, which are excluded the Womb alſo, like thoſe of Birds. 
4. The Spinous Kind are alſo Oviparous, but their Eggs are 
imaller, and they have Spine, or ſharp Bones up and down in 
their Fleſh to ſtrengthen it. 
5. But Mr. #/:/houghby thinks it would be yet more proper to 
lach as breathe ævith Lungs, and ſuch as 
breathe with Gills; and then to ſubdivide thoſe that breathe with 

Gilli into Viviparous, and Owiparous, ; | 

6. The Viwiparous Kind he ſubdivides into the long, as the 
Sharks, and Dog. Fiſb; and broad Kind, ſuch as the Paſtinacæ, 
Je, Sguatinæ, &c. : | 

7. The Nwiparous Kind are the moſt numerous; and theſe he 
- fubdivides into the Flat. ſiſb Kind, and ſuch as ſwim with their 


Backs upright, or at right Angles to the Horizon, He gives 


us the following Catalogue of our Eng liſb Fiſhes. 

8. Of the long Cartilaginous Kind are the white and blue Shark ; 
the Tope; the prickled Dog or Hound Fiſb; the ſmooth Hound 
Fiſh ; the Cornwal Bounce; the Morgay, or lefſer Hound Fijþ. 

9. Of the plain Cartilaginous Kind are the Skate or Flare ; 
the Thornback ; the White Horſe ; the Angel or Monk. Fiſh ; the 
Toad: Fiſh, or Sea Devil. 

10. Of the plarn ſpinous Kind are the Turbet or Brett ; the 
Cornwal Lug alefe ; the Plaſe ; the Dab; the Flounder, Fluke, or 
Butt ; the „. or Turbot of the North; the Sole. 

11. Of the Eel Kind, we have the Lamprey ; the Lampern; the 
Conger Eel; the common Eel; the Sand Eel or Launce ; the But- 
ter Fiſþ ; the Sta Leach ; the Eel- Pout, or Turbot ; the Sea Wolf; 
the Sea Lark ; the Creſted Sea Lark ; the Liparis of Rondeletius ; 
the Miller's Thumb; the Dutch Poato- Hogs. 

12. Of the Kinds of Fiſh wanting the Belly Pair of Fins, we 

have the Sur iq; the Acus of Ariſtotle ; the Sea-Adder ; the 
Saw-Fi/ſp ; to which may be added the Mermaid or Syren. 

13. Of the Non ſpinous Kind with three unprickly ſoft Fins on 

the Back we have the Cod-F;/b ; the Whiting Pollack; the Cole- 
Fiſh ; the Whiting Blands ; the Hadabch; the Whiting. 

14. Of the Non-ſpinous Kind with only two foft Fins on the 
Back, are the Hake ; the Ling ; the Tunny, or Spaniſh Mackrel ; 
the Grayling, or Umber ; the Ginnard ; the Schelley ; the — ; 

c 
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ſerve to you, are the following: 1. As they 


were originally made out of the Vater, ſo 


that is the only Element in which they can 


live: And therefore, becauſe, 2. Their Mo- 


tion is ſwimming, they need no Legs, and fo 
have none. 3. Inſtead thereof, they are 
much better provided with Fins, and more 


eſpecially a proper Sort of Tails, which ſerve 


as Oars to waft themfelves about withal in 
the Water: For, 4. The Fins on the Belly 
principally ſerve to keep them from turning 
on their Backs, as being the heavier Part ; as 
they would do were thoſe Belly-Fins cut off. 
5. The Fiſhes uſe Reſpiration in Water, by 
paſſing it through their Mouths and Gills; for 
their Gz/ls ſerve in them the Office of the Lungs 


in other Animals. 6. The Bodies of Fiſhes | 
are contrived with ſuch divine Geometry, as 


the Samlett or Braulin; the Gray; the Salmon Trout; the Scurf, 
or Bull Trout ; the Trout ; the Red Charr ; the Gilt Charr ; the 
Smelt ; the Rock- Fiſh, or Sea Guadgeon ; the Lump or Sea-Owl ; 
the Dog, as tis called in the Veſt of England. 

15. Of the Nen ſpinous Kind with only one Fin on the Back, 
we have the Herring; the Pilchard ; the Shad; the Sprat, 
(which is only a young Herring ;) the Garr-Fifo ; the Sturgeon ; 
the Pike or Fack ; the Carp; the Bream ; the Tench ; the Oerve ; 
the Chubb; the Barbel ; the Dace ; the Roach; Beat; Gudgeon ; 
Toach; and Minnow. Note, the laſt twelve of theſe are called 
(Malac:ftim:) Leather-mouth'd Fiſhes, becauſe they have noTeeth 
in their ſaws, but only deep down in their Mouths. - 


16. Of the ſpinous Kind with tvs Fins on the Back, of which - 


the foremoſt is aculeate or prickly, we have the Bafe ; the Mul- 
let; the Grey Garnard; the Tub. Fiſb; the Rotchet ; the Piper; 
the Sur Mullet ; the Spider; the Scud; the Perch; the Dorge. 

17. Of the aculeate Kind with only one Fin on the Back, whoſe 
Radii are ſome prick'y, and ſome ſoft, we have the Gilt Head; the 
Old Wie; the Ruff ; the Prickle Bach, or Banſticle; the leſſer 


Prickle- Back. | 
18. Of the Cetaceous Kind, there are reckoned only the Ba- 


lena Britannica of the Antients, at this Time not known; the 


common Whale ; the Dolphin; and the Porpuſs, 
d to 


* 
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to -paſs thro the denſe Medium of Water with 


the greateſt Eaſe, and the leaſt poſſible Re- 


ſiſtance from it. 7. How wonderouſly are they 
defended, beautified, and rendered more apt 
for gliding thro' the Water, by thoſe hard, 
ſmooth, poliſhed, numerous Scales, with which 
the Surface of their Bodies is-ſo curiouſly over- 
laid? 8. The great Author of Nature has con- 
trived the Eye of Fithes juſtly ſuitable to the 
Nature and Refraction of Water, different 
from that of Air ; for their Eyes are flat out- 
wardly, and-not-protuberant, leſt they ſhould 
wear and hinder Motion; but the cryſtalline 
Humour is made ſpherical and not lenticular, or 
flattiſh, as ours, who live and ſee thro' Air. 9. 
Fiſh are contrived with an Air- bladder, which 
makes them buoyant ;, and according as they 
dilate or contract their Bladder, by the Means 
of Air, ſo they are enabled to abide higher, de- 


ſcend lower, or remain in what Part of the Wa- 


ters they pleaſe. 10. Some Fiſhes are wonder- 
fully formed with Inſtruments of Defence, Pro- 
viſion, Sc. What amazing circular Rows of 
horribleTeetb fill the Mouth of a Shark? Other 
ſome are endued with Vings; ſome have two 
or more Feet, as the Male Whale, &c. See the 
wonderful Unicorn-Fifþ in Fig. LIV. on Plate 
XXVI. fronting p. 342. whoſe Horn is 10 or 


- A 0 


12 Feet in Length. The Sword Fiſb in Fig. 


LV, and the Saw-F/f in Fig. LVI. on the 


fame Plate, are very ſurprizing ; the Sword 
and Saw, -where they ſhoot from the Head, 
being 6, 8, or 10 Inches wide, and about 5 
or 6 Feet in Length, as I remember to have 
ſeen them; the Teeth of the Saw at the _— 
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End being as long as one's Finger. 11. The 
Size of Fiſh, and other Water Animals, is 
almoſt infinitely different, the greateſt is the 
Whale (called Leviathan in Scripture) being 
the biggeſt of all: Pliny, lib. . cap. 3, men- 
tions ſome Whales 960 Feet in Length; and, 
lib. 3 2. cap. 1, he mentions Whales 6c0 Feet 
long, and 360 broad, which came into a-Ri- 
ver of Arabia. 12. The Species or Sorts of 
Fiſb are as various as their Size, and cannot 
be all known. I could, had I Time, have 
named to you a far greater Number of re- 
markable Peculiarities in the Nature of the 
finny Tribe: But, if you deſire a farther Ac- 
count, you may conſult the voluminous Wr1- 


tings of the Learned. : 
A. Sir, this is abundantly better than none ; 
ray proceed to recapitulate ſome of the chief 
Things obſervable next, in the Nature of In 


ſects, if you pleaſe *. 
B. Nothing 


* Mr. Ray, in his Method of Inſects, diſtinguiſhes Inſects into 
two general Kinds, viz. ſuch as change their Form, and ſuch as 
do not change their Form. | 

2. Inſects which change not their Form, have ſame 6, ſome 8, 
ſome 14, others 24 Feet, and ſome many more, which are there- 
fore call'd Polypodes, or Multipeds. 

3. Thoſe that have but fix Feet are terreſlrial or aquatic; the 
terreſtrial are of various Sorts, as the Loaſe, the Flea, the Crab- | 
Louſe, the Wall Louſe, the Tick, and ſeveral others found in the 2 
rotten decayed Wood of Trees, old Books, in Meal, in the  W 
Earth, in Flowers, &c. Thoſe in Water are a ſort of Louſe 
adhering to Fiſh ; and the Squiiia_finwiatilis. | 

4. Inſects with eight Feet are either with a Tail as the Scor- 
Zion, or without as the Spider. Of this Sort ſome ſpin no Web, 
have but two Eyes, and very long Legs, as the Carter or Shep- 
Berd. Others /pin a Veb, and have many Eyes, and are of di- 
vers Sorts. - To this Tribe of eight footed inſets belong ſeveral 11 
Sorts of Ticks, and the Syrones or Mates, ; L418 

6. Inſects not changing Form, and with 14 Feet, are tne A/e//7 1 
or thoſe of the N vod. Lice or Che/5-bob Kind; of which ſome live 

| 3 | in 
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B. Nothing pleaſes me more; therefore with 
Regard to Inſects, I obſerve, 1. That though 
| they 


_ in Water, ſome on Land; to this Tribe are alſo referred a Sort 

= | of Mater Gnat or Fly, and a Water-Louſe, found upon Fiſh, 

_ - 8. Thoſe which have 24 Feet, have the 8 fore Feet leſſer, 
and the 16 hinder ones larger. Of theſe there are two Kinds 
obſerved, both with Y Bodies; one larger and of an obſcure 
Colour, among the Rocks by the Sea Side ; the other. of a Silver 
Colour, found in Houſes. | 8 

7. There is a Kind with 30 Feet, of an oblong Shape, Cheſ- 
nut Colour, and full flattiſh Body, uſually lying under Logs and 

| Trunks of Trees: it is very agile and ſwift. 

g 8. The Malti pæde Inſects, which change not their Form, 
are found both in Land and in Water; thoſe on Land are either 
roundiſb in the Body, with all their Legs rifing out af the Middle 
of the Belly nearly, as the Talus, or more flat and com- 
preſs'd, with their Legs growing along on each Side, as the 
Scolopendra. | ; | 

q. And ſome of theſe Muli. pcdi are aquatic, of which Mr. Rey 
makes three Sorts ; vir. the Corniſb Lugs with 38 Feet; the Sco- 
Jopendra Marina, and a two tailed Animal lying in the Clefts of 
Stones under the Salt Water. 8 

10. The ſecond Kind of Inſects are thoſe avhich change their 
Form, or undergo a real Metamorphoſis. And this is of three 
Sorts or Species; w7zz. The Fr is when the Tran/mutation or 
Change zs /ingle and inſtantancous; there being no ſenſible Stoß 

or Refi between the Old and the Nezw Form. The ſecond Species 
is when there is a double Metamorphoſis; as firſt into a Chry/alis, 
and then into a fing Iaſect. The third Species is a ſimple 
Change from a Worm to a flying Inſect, but yet with a ſenſible 
Reft or Stop between one Form and the other. 

11. Of the i Species are the Libellæ or Pertæ produced from 
an Inſect with 6 Feet; the Cimices Silyeftres, having the Figure 
of St. Andrew's Croſs on their Backs. The Locufls, The 
Gryllo Talpa, or Mole Cricket. Crickets of all Kinds. The 
Graſhopper. The Blatta. The Ephemera, which lives but a 
Day. The Vater Scortion. Water Flies of ſeveral Sorts, &c. 

12. Inſc&s changing Form of the ſecond Species, or which under- 

© a double Tranſmutation, are very numerous; they lie a while 
IS their Change quite ſtill, without Food or changing Place. 

13. In reſpect of their Vings, they are either Vaginipennia, or 
ſuch as have Caſes within which they withdraw and cover their 
Win . as all the Scarabæi, or Beetle Kind: or Anelytra, whoſe 


Wings are open and expanded. | 

\  14)//TheScarals or Beetles are divided in reſpect of their Horns 
W e Naficornis,the Bucerota, and Ces aus Volans, or Stag-Fly. 
5 | | . la 
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they are a ſmall, and deemed a deſpicable 8 
cies of Creatures, yet when well confidered, 
and carefully ſurveyed with a Microſcope, they 
will appear the Pride of Nature, wherein ſhe 
has beſtowed more nice and delicate Art, and 
diſplayed more profuſely the rich Embroidery, 
and elegant Beauties and Garniture of Colours, 
than in any of the larger Species of Animals ; 
though unheeded and unſeen by us. 2. Inſects 
are ſo called from the Shape of their Bodies, 
which ſeem as it were (inſecta, i. e.) cut into 
two Parts or Halves, and joined to one ano- 
ther by a ſmall String or Neck, as in Ants, 
Flies, &c. 3. They are all Oviparous, that is, 
they lay Eggs, from whence they are all pro- 
daced. 4. The different Kinds of Hiſects re- 
poſit their Eggs in different Places; ſome in 
Beer, Vinegar, &c. Some in Plums, Peaſe, 
Nuts, &c. as the Ichneumon Fhes : In Pears, 
Apples, &c. as the Phalænæ Kind: In the Bark, 


In reſpect of their Antennæ, they are of many Kinds, of which 
the moſt eminent are the Capricorni. Some from thei Motion 
are call'd Sa/tatrices or Leapers ; and others from their Colours 
are call'd Cantharides. 

' 15, To the Beetle Kind may be referr'd the Glow-worm; - 
the Szaphylinus ; and the Oil Beetle, fo call'd from its emitting 
a ſort of Oil from its Joints on being ſqueezed or preſſed. 

16. The Anclytra or Inſects whoſe Wings are open, and with- 
out Caſes, have their Wings either farinaceous or mea'y, as the 
Butter fly Kind ; or membranous and tranſparent, as the Flie Kind. 

17. The Anelytra with farinaceous or mealy Wings are of 
two Sorts, viz. Papiliones, or Butterflies, which fly by Day; and 
the Phalænæ, or Millers, or Moths, which fly by Night. The 
various Sorts of each are ſo numerous as ſcarce to be recounted 
or methodized. | | 

18. Anelytra with membranous Wings are a large Species, and 
comprehends numerous Tribes of the moſt perfect Inſccs, as the 
Hornet, the Humble Bee, the Bee, the Waſp, and all the Fiie and 
_ Gaat Kind; hitherto is alſo referr'd the Formica or Ant. Moſk 
of this Head come from a Vermicle or Maggot by a Metamor- 

phoſis of the third Kind. | e 
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Wood, Buds, Leaves, &c. of Trees. The white 
Butterfly lays its voracious Offspring on Cab- 
bage-leaves : Some, which require Warmth, lay 
their Eggs about the Bodies of Animals, as in 
the Feathers of Birds, the Hair of Beaſts, and 
even in the very Scales of Fiſß: Some go far- 
ther, and penetrate the Body itſelf, and its Ca- 
vities, and there lay their Eggs, as in the Noſe, 
Guts, the Kidneys, the Bladder, the Brain, in 
the Gall- bladder itſelf, and in the Fleſb in gene- 
ral. 5. Hence the ſurpriſing Production of 
Maggots and Vermin in all thoſe Places, and 
Parts of Animals now mentioned. 6, The Me- 
tamorpboſis of Inſefs is a Thing extreamly aſto- 
niſhing ; I ſhall give from Mr. Geodart an In- 


ſtance thereof: See Fig. LVII. on Plate XXVI. 


fronting p. 342. The Eruca or Caterpillar A, 
hath its Origin (/azth he) from the Egg or Seed 
of a Butterfly C, called the Peacock's Eye; I 
took it the 4th Day of May 1635, and non- 
riſhed it with the Leaves of Nettles till the 11th 
of June the ſame Year ; at which Time it be- 
gan to prepare for its Transformation to the 


State in which it is called Chry/alis or Aurelia as 


B; in this aurelian State it continued changing 
(with its Head downwards) 19 Days, at the End 
of which, there proceeded. from this Aurelia a 


Butterfly C, with four Wings; and from its 


elegant Colours, called the Peacock's Eye, as a- 


foreſaid. 7. Inſefs in their firſt State, as Maggots 


and Caterpillars, feed on hard and coarſe Diet, 
as Leaves, Sc. contrary to other Animals; in 
their aurelia State, they ſubſiſt without any 
Food ; in their mature State, as Flies, they live 
on a more delicate and tender Diet, as Honey 

from 
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from Plants, Blood from Animals, Sc. It is diſ- 
covered by the Microſcope, that the elegant Co- 
lours of Butterflies, &c. are owing to neat and 
well made Feathers, ſet with great Curioſity 
and Exactneſs in Rows and good Order. g. The 
Eyes of Inſects are hard, fixed or immoveable ; 
and ſome have more than two, as Spiders have 
4, 6, or 8 Eyes: Flies, Waſps, &c. have the 
Cornea or outward Coat of their Eye made of 
curious Lattice- work, as is repreſented magnifi- 
ed in Fig. LVIII. on Plate XXVI. fronting 
5. 342. The Eyes of theſe Inſects have this Con- 
trivance to ſupply the Place of the cry/ialline and 
vitreous Humours, which they ('tis thought) 
have not. 10. The Antenna, or Feelers, which 
grow from the Head of Jaſects, ſerve them to 
feel out Obſtructions and Annoyances in their 
Walk or Flight; are a good Guard to the Eyes 
and Head; and in many, a very beautiful Piece 
of Garniture to the Body. 11. As to the Motion 
of Hiſects, ſome creep, ſome leap, ſome walk, 
ſome ſwim, and molt of them fly; ſome fly 
with Wings, others by help of their Webs, as 
Spiders; and others by Means as yet unknown. 
12. The Wings of many Tn/efsareamoſt curious 
Piece of Workmanſhip, diſtended and ſtrength- 
ened with the fineſt Bones, and theſe covered 
with the fineſt, tranſparent, and lighteſt Mem- 
| branes; ſome adorned with neat and beautiful 
Feathers, and many. provided with the fineſt 
Articulations and Foldings, for the Wings to be 
withdrawn, and neatly laid up in their Vaginæ 
or Caſes; and again readily extended for Uſe. 
13. Thoſe Inſects which have four Wings, have 
their Bodies hereby kept ſteady and upright in 
Flight; 
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Flight; and thoſe which have but two Wings 
have Poiſes or Pointils, like little Balls, ſet under 
their Wings on each Side their Bodies for that 
Purpoſe. 14. The Minuteneſs, Art, and Curi- 
oſity of the Joints, Muſcles, Tendons, Nerves, 
Sc. neceſſary to perform the Motion of the 
Wings, Legs, and other Parts, is a ſurpriſing 
Thing to all who conſider it. 15. The Nidif- 
cation of Inſefs far excels the moſt exquiſite 
human Art, witneſs the nice geometrical Combs 
of ſome, or earthern Cells of others, or the 
Webs, Nets, and Caſſes woven by the admira- 
ble Textrine Art of ſome others. 16. Again, 
what ſtrange In/t;n# leads others of thoſe ſmall 
Creatures to make even Nature itſelf ſubſervient 
to their Deſigns, by making the Vegetation of 
Trees, and Plants, the Means of building their 
little Nefts or Cells ; ſuch as thoſe Caſes, Gall, 
and Balls, found on the Leaves and Branches of 
Vegetables, of many different Sorts; ſome being 
hard Shells, ſome tender Balls, ſome ſcaly, ſome 
ſmooth, ſome hairy, ſome long, round, conical, 
Se. 17. They have Parts analogous to the 
Brain, Stomach, Entrails, Arteries, Veins, 
Nerves, Lyipheduts, &c, yet being ſo wonder- 
ful fine and tender, are, as it were, included 
within the hard Caſe of their outward Body ; 
wherewithal they are cloathed and defended, as 
with a Coat of Mail. 18. Again, how curiouſly 
are thoſe outward Teguments, or hard Caſes of 
Inſefs Bodies, contrived? How are they ſet 
with Bri/tles, ſharp Spines, &c. for Defence? 
How are they adorned with neat Imbrications, 
and many other Beauties, and Fineries? 19. As 


the Magnitude of ſome Species of Animals is 
my” 
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wonderful, on the contrary, the Minute- 
neſs of ſome Inſects is far more amazing: Mr, 
Leuwenhoeck has obſerved more of theſe Ani- 
malcules in the Melt of a Cod-Fiſb, at one Time, 
than there are People living on the Face of all 
the Earth at once. It is alſo found, that in a 
Drop of Pepper-water are contained above 
8280000 of thoſe ſmall Creatures; and ſome 
are yet diſcovered ſmaller than theſe, ſo that 
Millions of Millions might be contained in one 
Drop of Water. 20. It is the infinite Number 
of theſe inviſible Animals that makes ſtagnat- 
ing Waters appear of ſo many different Hues, 
as green, broton, reddiſh, &c. But I cannot far- 
ther enlarge, for want of Time. 

A. Well, theſe Things loudly declare the won- 
drous Skill and Wiſdom of their Maker; and 
great Pity it is they are not more attended to: 
But, pray, continue this pleaſing Survey next in 
the Nature of thoſe Creatures youcall Reptiles *. 

| a B. In 


*Neptiles are either terreſtrial or aquatic. Terreſtrial Rep- 
tiles, or ſuch as are found on Land, or in the Earth; among theſe 
the Serpent Kind are the principal; of which ſome are wenomous 
in their Bite, as the Raztlc-Sngke, the Viper or Adder; and, ſome 
think, the S/o-wworm; but that, as well as its B/inane/s, is thought 
by others to be an Error. Some are not venomous, as the common 
Snake, and many other Sorts of Snakes in foreign Countries. 

2. The next conſiderable Species of Reptiles are Snails of all 
Sorts: Of theſe ſome bear Shells of various Forms, Sizes, and 
beautiful Colours. Others have 20 Shells, as the large black 
Snail, and others of a greeniſh and yellow Colour; with all that 
ſort we call S/zggs, found under Boards on moiſt Ground, and on 
the Leaves of Plants, &@c. 

3. To the Head of Reptiles alſo many refer the Multipede Kind; 
for as they cannot, without great Impropriety, be call'd In/&s ; 
and as their Motion, tho* performed with Legs, is yet a Sort of 
Creeping or Crawling, ſo they may be very fitly call'd Reptiles: 
but as I have, according to Mr. Ray's Method, mention'd them 
in the laſt Note as a Species of Hiects, I ſhall ſay nothing more 
of em here. | . 

4. The 


1 
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B. In the Reptile Species ſeveral Things are 
common to other Animals, and have been al- 
ready obſerved; and ſome Things are ſomewhat 
l 1 5 Parti- 
4. The Lumbrici or Earth Worms are a moſt conſpicuous Part 
of the Reptile Kind: Of theſe ſome are of a /arger Sort, call'd 


Dea Worms; ſome of a leſſer ſort, of theſe there are Red and 


Green, with yellogao Tails ; which latter are call'd Gi/t Tails. 
5. Worms found in the Bodies of Animals make another large 
Species; as the Teretes, the Lati, the 4/carides in the Bowels of 
Men; the Vermiculi Seiiformes, and the Botts in the Inteſtines of 
Horſes and other Beaſts. | 
6. Aquatic or Water Reptiles are of various Species; of 
which, in regard of their Motion, Eels make the firſt Diſtinction: 
But, from their more general Nature, they have always been con- 
fidered among the F;4 Kind, where of Courſe I was obliged to 
take Notice of them in this Survey. See Note, Page 347. Art. 2. 
7. The Leaches make the next Claſs of Water Repriles : Off 
theſe there are three Sorts, viz. the Medicinal Leach, or Sangui- 
fuge ; the common black Hor/e- Leach, and the Aſh-coloured Sea- 
Leaches. There is alſo a ſort of this Kind that is ſmaller and fat- 
ter, which is found ſticking to Stones at the Bottom of Brooks. 
8. Beſides this there is another leſſer ſort of Water Reptiles, of 
which ſome are round, long, and 4/ach, and others red; the Black 
hath two ſmall Horns on its Head; the Red is about a Finger's- 


Length, with a Forceps at the Tail. To theſe may be added, thoſe 


very ſmall and flender Azgaicul- which lie in Cluſters in ſtagnant 
Waters, and from a Veſſel of a Red Fl:;d which appears thro" the 
Body of each, they make the Water look red in divers Places. 
There is another Sort of this Kind which is Hat, and very 
ſmall and thin, and are call'd Flues; they are ſometimes found 
in Waters, and ſometimes in the Branches of the porus Bilarius 
in Sheep. Beſides theſe there are many other Species without 
Name or Diſtinction. | | 
to. I thiak thoſe Hater Iuimals which are cover'd with a 
T heca, or ſort of Caſe, ate to be referr'd to the Claſs of Reptil:s. 
This Theca is either 7mmoveable, being fixed to the Stones, and 
is of a Figure round, or eiſe more compreſs'd and flat. Or mowe- 
able and portable, which Thcca is commonly call'd Phryganea ; 


and is either trait, or crooked. | 
11. The ſtrait Theca is compoſed either of Straaus and little 


Fifuc;e lying parallel one to another, of which there are two 
ſorts, a greater, where the Feſtucæ are two Inches long; and a 
leer, which is very common and are call'd Shraav-Morms. Or 
elſe the Feiucꝶ lie tranſverſly, and are ſhorter, having ſometimes 
Pieces of Shells or Stones mixed with them. | | 
12. Cthers whoſe Thec or Caſes are ſtrait alſo, have no Feſtu - 
c, but always either Sand or Gravel: and of theſe, ſome have 
the Theca round, and are call'd Cod baits ; others are flat and 
compreitcd. 13. Others 


The Nature of Reptiles. 251 
particular and peculiar to them, which I ſhall 
remark in the following Order: 1. Their nu 
ous, vermicular, or creeping Motion is very curi- 
ous, and contrived with the niceſt Art, and geo- 
metrical Neatneſs. 2. The whole Body of a 
Worm is, as it were, but a Chain of annular or 

ſpiral Muſcles, whoſe orbicular Fibres by con- 
tracting render each Ring (at firſt wide and ex- 
tended) more ſtraight and long ; and thus the 
foremoſt attracting the next behind, the Action 
is continued through the Length of their Body, 
and produceth their vermicular or ſpiral Motion. 
3. The Serpent Kind move by means of annular 
Scales lying ſtraight acroſs their Bellies, contrary 
to what they do on the Back, and other Parts 
of their Bodies. Now the Edges of the fore- 
moſt Scales lying over the Edges of the hinder 
from Head to Tail run out a little beyond them, 
ſo that when each Scale is drawn back, or ſet a 
little upright by its Muſcle, the outer Edge 
thereof (or Foot) is raiſed alſo a little from the 
Body, to take hold on the Earth, and fo produ- 
eing, by the ſucceſſive Action of all, the ſinuous 
Motion of the Serpent. 4. The Motion of Snazls 
is performed by the undulatory Action of a long 
broad Skin along each Side of their Belly ; 'and 
they are ehabled partly by a flimy glutinous 
Matter emitted from their Body, and partly by 
the Preſſure of the Atmoſphere, to adhere firmly 


13. Others have the Theca crooked or horned, which runs taper- 
ing ; of theſe there are reckon'd four Kinds, a greater and a 
leſſer black Sort; and a greater and leſſer 4/ co:0ur*'d ene. The 
Thecæ or Caſes of all theſe ſorts of Cados Worms are admirably 
contrived, being cemented or glued together in ſuch a Manner as 
not to be eaſily ſeparat d one Part from another; and by that 
Means theſe Creatures ſecure themſelves from the Voracity of 
ſuch Fiſh as would otherwiſe make em their Prey. 

to 
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to all Kinds of Superficies, and in all Poſtures, ! 
F. Caterpillars, while in their vermicular State, 
| | are curiouſly provided with little Feet, the fore- 
| | moſt ſhort and hooked, to draw Leaves, &c. to 
- them; the hindermoſt are broad Palms, beſet 
= around with ſmall ſharp Nails, by which they 
1 ſtick to, and graſp whatever they are upon: 

| Whereas in their Nympha or aurelia State, they 
have neither Feet nor Motion, but a little in 
their hinder. Parts; and in their mature or in- 
ſect State, they have motive Parts proper to that 
N Species of Animals. 6. It is a wonderful pretty 
. Mechaniſm obſervable in the Going of Mzle- 
| pedes (or Multipedes) that on each Side of their 
Bodies every Leg hath its Motion, one very re- 
gularly following the other from End to End 
of the Body ; ſo that their Legs in going make 

a Kind of Undulation, and give the Body a 

ſwifter Progreſſion. than one would imagine it 

ſhould have, where ſo many-ſhort Feet are to 
take ſo many ſhort Steps. 7. The Spine or 

Back-bone of Serpents is really wonderful: 

How thick are they ſet with Joints, or Verte- 

bre? How numerous and ſtrong are their Co- 

operating ſmall Muſoles? By what curious 
Articulation of the Vertebræ can they turn and 
wind their Bodies any Way ? 8, Some of the 

Reptile Kind are provided with a porfonous Mat- 

ter, ſerving to the more eaſy Conqueſt, and 

ſure Capture of their Prey; and probably may 
ſerve to the Digeſtion of their Food. 9. The 

Poiſon of the Viper lieth in a Bag in the Gums 

at the End of a certain ſharp Tooth, conveyed 

thither by a Duct from a conglomerate Gland 
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lvying in the Side of the F ore- part of the Head, 
by which it 1s ſeparated from the Blood. . This 
Tooth is tubulated or hollow, thro' which when 
the Serpent biteth therewith, the Poiſon is con- 
veyed to the Wound. 10. The Size, or rather 
Length, to which ſome of theſe Serpents grow, 
is very ſurprizing. + I have ſeen the perfect Skin 
of a Rattle Snake 22 Feet long; and there are 
others from 30 to 40 Feet in Length. 11. Thoſe 
Creatures of the Serpentine Kind are the moſt vi- 
vacious, or tenacious of Life, of all other Animals. 
Thus we ſee Eels, Aaders, &c. live, have Mo- 
tion, yea, are very ſtrong, for a great while after 
they are beheaded, flea d, and diſboweled: The 
Reaſon of which is owing to the greater Firmity, 
Solidity, and Compactneſs of their Fleſh above 
that of other Creatures; ſo that the Action of 
the vital Springs, or Cauſes of Motion, continues 
longer in them than in other Creatures. 12. Mr. 
Redi relates, that Serpents and Vipers will live 
not only ſome Days or Weeks, but many Months, 
without Food, ſhut up in a Box; yea that they 
will be able to bite, and emit a deadly Poiſen, af- 
ter eight, nine, or more Months. But if the Veſ- 
ſel be open, and they perſpire much, they die, 
without Food, in a ſhort Time. 13. Some of 
thoſe Reptiles, as Earrh-Worms, Snails, &c. are 
Hermaphrodites; that is, have the genital Parts 
of both Sexes, the ſame Worm being Male and 
Female, {o that they mutually copulate with 
each other; - and the Parts of Generation are 
placed in the Necks of Snails, juſt under their 
Heads. And would you ſee more of the won- 
derful Nature, * and Peculiarities of the 
5 3 | 
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Reptile Species, you may be ſatisfied by reading 
the Natural Hiſtory of the ſeveral Parts of A. 
fra, Africa, and America. 
Al. Sir, I thank you; I do not know but 
that I may, when I have Opportunity and Lei- 
ſure: But, pray, what have you to obſerve in 
the Nature of thoſe you call Shell. Animals * ? 
| B. My 
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* The Kinds and ſeveral Species of Conchilious or Shell. Ani - 
mals are not well known nor ſufficiently digeſted by Naturaliſts; 
nor is it poſſible they ſhould, fince their Number and Variety are 
fo exceeding great, and the Bottom of the Sea their principal Place 
of Habitation. . | | | 
2. However ſome of the more common and diftinguiſhed of 
this Tribe I ſhall enumerate and methodize in the following Or- 
der, Of Shell. Fiſb, ſome are univalve, or have only one Shell; 
others are 6:valve, or have two Shells. | 
3. Of ſingle Shell-Fiſh there is great Variety, both with reſpe& 
to Fiſh itſelf, and the Make and Form of the She//s. Some Fiſk 
having divers and diſtinct Parts, as Head, Legs, Claws, Antennz, 
&c. without the Shell, as in the Lobſter and Crab Kind. Others are 
contained entirely within the Shell, except when they exert them- 
felves for Mation ; at leaſt, they have no Parts growing without 
the Shell; as in the Szail, Perixvinkle, &c. Kinds. 
4. The Lobfeer is the Principal of She/l-F;4. His Habitation 
is in Holes among the Rocks. They have 4 Legs, on a Side, b 
Means of which, with their two great Claws, and broad Tail, 
they move with great Nimbleneſs. Tis ſaid, that if one of the 
large Claws be broken off, it will grow again or be renewed, tho? 
no other Animal hath the Power of renewing a loſt Limb. Some 
fay, the Lobſter is androgynous, i. e. hath both Sexes in itſelf; but 
others doubt it. Tis reported there are near 30 ſeveral Sorts of 
Lobfters, all cloathed with Shells; of the Lobſter Kind are the 
Craw-Fiſh, the Prawn, the Shrimp, &c. | 
5. The Crab is the next Shell-Fiſh of Note; its Legs and 
Claws are like thoſe of the Lobſter for Number, Parts, and Tex- 
ture, nearly; but their Motion is Iatitudinal or ſide ways; their 
Eyes are more prominent than thoſe 6f Lobſters, and therefore 
want not their Antennæ or long Feelers. They live among the 
Stones and Rocks like Lobſters, and are never found uncover'd 
by the Waters, except when very young and ſmall, on the Shores „ 


MEE a a7 Ge arid oak; 


Au has & 


* 


0 SS e 


at low Water. Their Spaaun, like that of Lobſters, conſiſts of t 
ſmall Eggs, and the Time of Spawning in both is the ſame. The 1 
Crab Kind hath alſo its Species, as the Spider Crab, the Soldier 1 


Crab, &C. 
6. The 
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B. My Survey of them will be very brief; and 
T ſhall obſerve to you, 1. That thoſe Creatures 
have 


6. The Star- Fiſb is another Species of the Univalues : They 
have five pointed Rays, which proceed from the Body in the Center, 
and by bending theſe backward and forward move in all Di- 
rections indiffertntly. The Months of all this Kind are in the 
Center of their Bodies, and armed with Teeth ; they have ſeveral 
little fleſhy Trunks which they dart into the Mud, thro* which 
they ſuck their Food. Their Organs of Digeſtion, Generation, or 
for voiding of Excrements, are not yet diſcover'd. 5 

7. The moſt wonderful Fiſh of this Kind is the Sella Ar- 
boreſcens, fo call'd becauſe from its ſmall Body, as a Center, 
proceed a prodigious Number of Branches all around, whoſe 
numerous and Minute Ramifications make a ſurpriziug Kind of 
Net- Wort, which the little Animal, floating about in the Water, 
caſts over its Prey, which it then catches as Fiſh are caught in a 
Caſting- Net. There is a Fiſh of this Sort to be ſeen in the Maſenm 
of the Royal Society in Cranc- Court, Flectſtreet, whoſe Ramiti- 
cations are reckoned more than twenty thouſand in Number. 

8. Beſides theſe are divers others whoſe Natures are very 
wonderful; as the Limpets; the Venus Ear ; Sea-Urchins or Button- 
Fiſhes ; Center-Shells, which are Cells for ſmall Fiſhes of the 
Oyſter Kind; the Sea. Horſe ; the Pipe Worm; with many others. 

9. There are ſeveral Univalve Shells, which are wreeathed, or 
of a ſpiral Form, As the Nautilus or Sailor; the Turbinatæ, or 
Fſhirts of feveral Sorts, great and ſmall ; the Sea-Sprider, and 
Finger d Whirl; the Mitre; the Harp; the Top Fhirl ; the 
Blackmore-Teeth ; the Unicern- Shell; the Purple-Shell; the 
Spider-Shell; the Bucciva or Trumpet; the great muricated 
Whirl; the Golden Trochas ; with ſeveral others. Theſe Shells 
are ſome ſo large as to weigh ncar ten Pounds; and the auen 
derful Colouring of others ſurpaſſes that of Birds, both for the 
Variety, Order and Intenſity thereof. From that call'd the. Pur - 
pura the Antients extracted their Purple Colour; with which 
they dyed their Stuffs ; tho" Cochincal and Kermes Crgs dye a Sear- 
let incomparably better and more laſting. 

10. The ſecond Kind of Shell Fiſhes are biwalwuous. or whoſe 
Shells conſiſt of two Pieces, or open with two fimilar Parts. 
Among theſe the Oyſer obtains the firit Place; the 7:/ele next; 
then the Scallop, and laſtly the Cockles of every Kind. 

11. Theſe are call'd zmmovreal le Shell Fijh, as not being able to 
remove themſelves from their firit Situation; they are alſo ſaid 
to be Her maphrodite, as not having the Power to ſeek at any 
Diſtznce one of a contrary Sex for Copulation, which therefore 
is a neceſſary Proviſion of Nature. 5 | 

2 2 1a. 1 
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havea Sort of middle Nature between Plants and 


Animals; and therefore the moſt imperfect of all 
theanimal Creation. 2. Theyare therefore called 
Zoophyta, from Zubo, an Animal, and Ov[ov, a 
Plant; as much as to ſay, animal Plants, or ve- 
getable Animals, becauſe they gather Food, and 
feed witha Mouth like other Animals; but grow 
or adhere immoveably toaShell by the Membrane, 
as Plants grow or adhere to the Earth by their 
Roots: Such as Sails, Oyſters, Cockles, and all the 
conchilious Kind. 3. The Shells of theſe moſt con- 


12. The Oyſter abides at ſuch a Depth of Waters as not to be 
left uncover d by them. But the Muſcle has generally its Situation 
in ſuch Places on the Shore or Rocks, as by the Fall of the Tides 
they become expoſed to the open Air. The Cockle is always 
bedded in the Sand, upon thoſe Shores which are uncover'd at 
low Tides. 5 | 

13. The Food of Oyſters and Muſcles are ſome Kinds of Sza- 
Weeds, and the fineſt Parts of Mud and Sand, and the Waſh of 
the Sea. The Cockle ſeems likewiſe to draw its Nouriſhment 
from Earth, which paſſes thro' its Body, like Earth Worms. 

14. Mr. Lewwenhoeck ſays, that Muſcles lay their Eggs in 
Strings on the Outſide of their Shells, and that theſe Eggs or Spaun 
continually increaſe in Strength till they become perfect Muſcles ; 
at which time, part of the Zgg- Shells is diſcoverable upon the out- 
ward Covering of the Fiſh, till that Coat is harden'd or changed 
into a firm Shell Philo. Tranſ. No 336. 4 
15. Mr. Strachan tells us he ſaw on the Coaſt of Ceilan an 
Oyſter of a Foot Diameter ; and that the Shell of one of theſe did 
grow till it was three Feet in Diameter broad, and a Foot thick, 
after the Fleſh was putrified. Philo. Tranſ. No 282. 

16. There are very commonly found Pear/; of different Sizes 
in the Bottom of the Shells of Oy/ters, Scallops, and eſpecially in 
that call'd the Nater or Mother of Pearl, where they are generally 
found in Abundance. The Pear] which are ſometimes found in 
the Bodies of thoſe Fiſhes, ſeem rather to be a Gravel. Stone than 
2 true Pearl, and therefore not ſo valuable. | 

17. Beſides theſe Shell Fiſh now mention'd there are many 
others to be met with in the Works of Naturaliſts, but infinitely 
more in the Works of Nature herſelf ; which mutt be left to the 
Search and Induſtry of future Time, which poſſibly may arrive 
by Degrees to a more accurate Knowledge, and give a more per- 
fect Hittory of them than is now to be had, | 


temptible 


Of Shell- Animals. 1 
temptible Creatures are yet made with wondrous 
Art, Beauty, and Finery in ſome particular Spe- 
cies of Snails, Cockles, &c. What artful curious 
Spirals, Circles, and other Divarications and dia- 
metrical Diviſions, do we obſerve therein? How 
are they covered to pleaſe the Fancy, and ſerve 
the Luxury, even of the human Species? 4. 
Theſe Shells, or cruſty Houſes, ſerve the poor ſoft 
and boneleſs Inhabitants for Defence and Secu- 
rity againſt outward Accidents, from which they 
can ſafely retreat therein. 5. A wonderful Thing 
in Snails is, that they have their Eyes placed (not 
in their Heads as other Animals, but) on or at 
the Top of their Horns; which therefore they can 
move farther or nearer from their Flead, and 
circumyolve them here and there, or one this 
Way, the other that, at Pleaſure. 6. The Bo- 
dies of Shell- Animals are contrived without Bones 
or any Thing that I know of like them ; they 
conſiſt of a tough membranous Subſtance, ana- 
logous to Fleſh and Muſcles ; and their internal 
Organs of Life are ſeveral, and diſtinctly appear 
on being diſſected ; but what the particular Shape 
and Function of many of them may be, is not ſo 
eaſy to aſcertain ; the Bowels and Inteſtines of 
theſe Creatures bearing but ſmall Analogy to 
thoſe of more perfect Animals, I ſhall end my 
Reflections on them, by giving you a Cut, ſhew- 
ing the mutual Copulation of Snails, by their 
Genitals G, in Fig. LIX. on Plate XXVI. 
fronting p. 342. 

A. It is very wonderful indeed; as are moſt 
of the other Particulars which you have related 
of the divers Species of Animals: But, pray (be- 
fore we leave this Survey of the animal Creation) 
| Z 3 So 
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let me aſk your Opinion of Griſſins, the Phenix, 


Dragons, Satyrs, Syrens, Unicorns, Mer- Maids, 


Fuiries, &c. Do you think there really are any 
ſuch Things in Nature“? RS 
B. The 


* It makes but little for the Credit of the Hiſtories of Dragons, 
Unicorns, Mer Maids, &c. that their Names are not to be found in 
the Tranſactions of our celebrated Royal Society, who, tis well 
known, derive their Intelligence at the beſt Hand from almoſt all 
Parts of the World. At leaſt, F can find no mention of any ſuch 
Creatures in the ſeven Volumes of Abridgments by Lowz#borp, 
Eames, and Jones. | 

2. The Hiftcire Naturelle de P Univerſe gives an Account of ſe- 


veral Perſons Who have deſcribed the Unicorn ; and particularly Fa- 
ther Lobos, in his Voyage to the Are Empire, ſays, that this 


Animal is of the Shape and Size of a fine-made and well-propor- 
tion'd Horſe, of a bay Colour, with a black Tail and Extremities; 
he adds, that the Unicorns of Tuacua have very ſhort Tails ; and 
thoſe of Minina (a Canton in the ſame Province] have theirs very 
long, and their Manes hanging over their Heads, Yo? IV. Page z. 
3. Du Mont ſays, he ſaw the Head of a Dragon which was 4 
up over the Water. Gate in the City of Rhodes ; this Dragon was 
33 Feet long, and waſted all the Country round, till it was ſlain 
by Deodate. de Goxon, a Knight of Sr. John. He ſays, the Head 
was like that of an Hog, but much larger; its Ears were like a 
Mule's, but cut off; the Teeth were extraordinary ſharp and long; 
the I hroat wide; its Eyes hollow, and burning like two Coals. Ir 
had two little Wings on its Back; its Legs and Tail like thoſe of 
a Lizard, but ſtrong, and arm'd with ſharp and venomous Talons, 
His Body was cover'd with Scales which was Proof againſt Arms. 
See the Manner of his being kill'd in the Atlas Geographicus, Vol. 
III. Page 43, 44- | | 
4. Ludolphus, in his Ethiopic Hiſtory, tells us, that in the A. 
fine Empire, there are voracious ſcaly Dragons of the largeſt Size, 
tho' not venomous or hurtful otherwiſe than by the Bite, and they 
look like the Bark of an old Tree. Atlas Geographicus, Vol. IV. 


Page 614. 


5. The Stories of Mer- Maids, Satyrs, &c. had undoubtedly their 
Original from ſuch Animals as have in fome Reſpects a Likeneſs 
to the human Shape and Features. Among theſe the Monkey Kind, 
the Ora, g Outang, and the 2uoja Morron, are the chief on Land; 
and the Fiſh calPd the Mermaid (tho! it has nothing of the Human 
Form) and ſome other unuſual Animals in the Sea, 


6. The 


Grifins, Phanix, Dragons, &c. 3 59 


B. The Phems is mentioned by Pliny, and 
other Antients, more credulous than ſkilful; but 
has long ſince been rejected as a vulgar Error, 
The Griſſin and Harpy have had a Place given 
them in Modern Hiſtories of Nature, but not 

without great Reproach and Nidicule to the Au- 
thors. Satyrs, Syrens, and Fairies, are all Poeti- 
cal Fictions. The Scripture makes mention of 
the Dragon and the Unicorn, and moſt Natura- 
liſts have affirm'd that there have been ſuch 
Creatures, and given Deſcriptions of them ; but 
the Sight of theſe Creatures or credible Rela- 
tions of them, having been fo very rare, has oc- 
caſion'd many to believe there never were any 
ſuch Animals in Nature; at leaſt it has made 
the Hiſtory of them very doubtful. As to Mer- 


6. The Story of the Queja Morron being very uncommon and 
curious, I ſhall here inſert it from Dapper, who fays they are found 
in 29a in Guinea, and Angola in Ethiopia, The Negroes call 
them Sayyrs, and believe they ſprang from the human Race. They 
have large Heads, thick heavy Bodies, nervous Arms, no "Fails, 
walk ſometimes ere, ſometimes on all four; they feed on Fruit 
and wild Honey ; fight continually with one another ; they dare 
attack armed Men, and will ſometimes force Wamen. The 
Portugueſe call them Sawages. | 

7. Dapper tells us, that 30 Years before he wrote, a Female of 
this Kind was brought to Holland, and preſented to Prince Fred:rict 
Henry, Twas as big as a Child of 3 Years old, but twice as 
thick, well ſet, ſtrong and nimble ; it lifted Things of great Weight 
and carried them from Place to Place. Her Breaſts and Belly were 
naked, but her Back cover'd with Hair. Her Face was ſomewhat 
human, but her Noſe flat and turned up. Her Ears, Breatt, Nip- 
ples, Elbows, Legs, Feet, Belly, and Pudenda were altogether 
like a Woman's, She often ſtood and walk'd upright on her two 
hind Feet, She would take the Cup in one Hand, ſupport it 
with the other, and drink yery neatly. She alſo lay down to fleep 
with her Head on a Bolſter, and fpread the Coverlet over her as 
if ſhe had been a human Creature, It is ſuppoſed this Species of 
Creatures firſt gave Riſe to the poetical kind of Satyrs. See Atlas 
Geogr. Vol. IV. Page 376, and 561. 8 

2 4 Men 
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Men and Mer-Maids, there certainly are fach 


Creatures in the Sea as have ſome diſtant Reſem- 
blance of ſome Parts of the Human Shape, Mien, 
and Members; but not ſo perfectly like them, 'tis 
very probable, as has been repreſented. In all 
fach ambiguous Pieces of Hiſtory, *tis better not 
to be poſitive, and ſometimes to ſuſpend our Be- 
lief, rather than credulouſly embrace every cur- 
rent Report, or vulgar Aſſertion, which may 
perhaps expoſe us to Ridicule, but can't procure 
us any ſolid Reputation for Wiſdom and Learn- 
in 

my Well, leaving theſe uncertain Subjects, let 
us conclude this ſhort View of the Creation with 
what you call'd the Accidents of animal Life ; 

pray what do you reckon ſuch ? 

B. They are ſuch as follow, via. 

Health; This ariſeth from an apt Conſtruc- 
tion and due Temperament of the Parts, where- 
by they are capable of performing all the natural 
Actions, and Functions of Life. 

Diſeaſe; This is that State ofan animal Body, 
which deprives it of the Faculty of exerting every 
Action proper for it. 

Vigilance, or the State of being awake ; This 
ariſeth from the Preſence and Action of a due 
Quantity of animal Spirits through all the Parts 
of the Body; by Means of which the Organs of 
the external and internal Senſes, and all the In- 
ſtruments of Motion depending on the Will, are 
properly affected by external Objects, and eaſily 

erform all their Actions and Motions. 

Sleep; The State contrary to Vigilance ; but 
what! is the Cauſe, or wherein it doth conſiſt, the 


greateſt 


Of Dreams, H unger, Thirſt, and Death. 361 
greateſt Phyfologi/ts differ in their Determina- 


tions, and are puzzled to account for it. 

Dream; This is an Action of the reflective 
Paculty of the Mind, which is always active 
even in Sleep, and doth therein recollect and re- 
view the Ideas which were preſent to it when 
the Body was waking : But the Body aſleep not 
admitting the Exerciſe of the rational Faculty of 
the Mind, it rangeth thoſe Ideas for the moſt 
Part in a confuſed, unnatural, and imperfect 
Manner ; and this Vivien of Things we call a 
Dream, 

Hunger ; This is that Quality which arifeth 
from a Vellication of the inner Coats of the Sto- 
mach, by the Action of the digeſting Juice; 
which, having no Food whereon to ſpend its 
Force, gnaws on the Stomach itſelf, and there- 
by excites in our Minds the Pęſre or Apperete of 

Food. 
Thirſt; This is ſomewhat analogous to Hun- 
ger; for adue Quantity of Moiſture being want- 
ing in the Stomach, and Parts of the Throat 
and Mouth, produceth that moleſting Senſation, 
which creates in us a Neceſſity of Drinking, to 
remove it. 

Death; This brings an Animal to its laſt 
State ; and is nothing but a final Obſtruction or 
natural Ceſſation of all the animal and vital Fa- 
culties and Functions of the Body; which then 
remains in a State of perfect Quieſcence, and is 
entirely paſſive to all other Changes and Condi- 
tions it meets withal in this World. And, as 
Death puts an End to all Things, fo I judge it 
moſt natural to end this long Reflection on the 

wonderful 


OOH 
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wonderful Works of God, the great Author of 
Nature, with the awful Subject of Death; which 
alſo e'er long will intercept all ſuch delightful 


and agreeable Converſe, as hath hitherto paſſed 


between you and me. 


A. Ah! Were it not for the Proſpect of a 
better, and a more perfect State of Life and Be- 
ing hereafter, How dreadful would be the 
Thought of parting with our dear, our friendly 
and agreeable Company and Acquaintance, even 
in this Life of Troubles! I am heartily ſorry 
that our Knowledge extends no farther in the 
Nature of Things; fince it is a Topic, which, of 


all others, gives me the moſt ſerious and perfect 


Pl-afure in the Contemplation of it. And, fince 
you have taken abundant Pains to repleniſh my 
Mind with the beſt Treaſure of this Sort of 
Science, I can but love you, and return | you my 
ample Thanks for the ſame, 
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